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ARRANGEMENT OF UNDERFRAME MEMBERS. 
Form I. 


The underframe is the great vital feature of the vehicle. Upon 
it depends more than upon any other members the success or 
failure of the design. This fact has been emphasized in the 
previous articles wherein consideration has been directed to the 
beneficent results accruing from the employment of the best 
engineering ability and the utilization of all the time necessary 
to the proper detail design of members and connections so as to 
produce aframe of most rational design and of structural 
rigidity. Should all the methods of load transferrence be dealt 
with in one chapter the various measures taken for detail solu- 
tion would overlap to such a degree that the whole, though homo- 
geneous, would be confusing. 

The first steel cars of any account to be built in America were 
designed in accordance with the form of framing to be discussed 
in this article (Form I). The sides of the car form a girder of 
great depth, compared with that of the centre sills, and, as its 
vertical rigidity is great, it is utilized as the load carrier. Con- 
cerning this form the following paragraph quoted from our 
former article is pertinent: 

“Theoretically the first form is not found in practice, as it 
would mean that there were no centre sills whatever, and that 
the whole superstructure and floor loads were transferred to the 
side sills and thence through the bolster to the centre-plate. The 
practical working out of this form, however, shows a centre sill 
which is weaker than the side girder, and as a result is in effect 
hung from the sides at intermediate points between and beyond 
the bolster. Then the bolster gets all its load from the side sills 
with the exception of the centre floor load in the immediate 
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vicinity. The bolster with weak centre sills is then the governing 
feature of this form.” 
FIELD OF USEFULNESS. 

(a) Type of Service—tThe choice of the prime mover is a 
great factor in establishing the form of car framing most suitable 
for use in any specified service. This is evident from the fact 
that for a train of equal strength the resistibility of carrying 
vehicles should be on a par with the motive unit. 

Lines operated by steam or electric locomotives are as a conse- 
quence not suited for equipment designed with an underframe of 
Form I and there is left for it but one field of usefulness in 
train service. Multiple unit control, which is admirably adapted 
to a service demanding severe schedules, frequent stops, and 
short headway, presents conditions suited to this type of car. To 
enhance the efficiency of this system of operation the cars must 
be of light construction and withal of a strength capable of ab- 
sorbing the loads occasioned in the service or hazard of such 
operation. This form of car is even then only applicable to those 
lines where passenger and freight traffic are separated and where 
future conditions do not indicate any decided increase in weight 
or speed of the trains. 

(b) Types of Cars—From the essential and ‘fundamental fea- 
tures of this form it is impossible to economically construct types 
of cars having the side girder cut by side entrances. It is, as a 
consequence, not adapted to postal, postal storage, baggage or 
combined cars or for side entrance passenger coaches. Various 
expedients, however, have been resorted to in an endeavor to 
carry the load over the break in continuity of the main load car- 
rying girders. The side girder may be fish bellied at this point, 
or indeed may be of such a form throughout its length. This 
method gives a very undesirable addition of weight. For very 
light construction the loads can be carried across the door open- 
ing at the top by designing the posts and diagonal bracing for this 
purpose. This also adds more weight for a given strength. There 
is a possibility of locally reenforcing the centre sills in the re- 
gion of the doors and then transferring the loads to the centre 
sills and back again to the side sills before the bolster is reached. 
The necessity of resorting to these expedients and the weight 
added being useful but locally and for a single purpose points 
out the conclusion that this form is not suitable for side entrance 
doors and that’ Form II should be chosen for that purpose. Here 
each pound added to the centre sills not only serves to help sup- 
port the vertical lading but takes its share of the horizontal 
blows of service. 


OPERATING CONDITIONS. 


The studies which it is necessary to make before actual design- 
ing begins is not as much a car designer’s work as that of the 
electrical and operating departments. This work is much sim- 
plified upon a line which is established and for which the equip- 
ment is to supersede cars now in regular service. In such a case 
the records of operation and accident furnish the most reliable 
data upon which to base the requirements to which the car de- 
signer must make his car conform. On the other hand, when 
a road is but contemplated and all the elements of the basic study 
are founded upon conjecture and problematical estimate the re- 
sults are much less reliable and require more thought in being 
taken care of. 

Character of Traffic and Schedules—The beginning of these 
studies is to be found in the traffic conditions of the region feed- 
ing the common carrier and the future development of such 
traffic. The results or deductions are based upon the loads to be 
hauled, the character of the right of way and the schedule condi- 
tions. The complications arising from a mixed freight and pas- 
senger service need no consideration where Form I is to be 
used, as we have limited its field of usefulness to only those 
lines operating single cars or mutiple control passenger trains. 

The loads hauled and schedule conditions govern the limita- 
tions concerning the character of the trains, the number of 
trains, speeds and headway, ingress and egress facilities, length 
of cars, and all features tending toward making for attraction to 
the traveling public. 

The facilitation of traffic with a conservation of operating 
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economies is generally the primary object in electrification. There 
are, however, a few cases where this motive power has been 
required for other reasons. It follows that the cars must be con- 
structed to further the ends of augmenting travel if the benefi- 
cent results to be secured from an increased revenue train move- 
ment by a superior type of power are to be obtained. 

Truck Limitations—Truck limitations are the governing con- 
ditions upon which maximum motor sizes are based. With the 
present designs of motors and wheel base governed by track 
conditions, with the necessity for bolster space, it is not feasible 
to use larger than 200 horse power per driving axle. An inspec- 
tion of the clearance limits of the best commercial railway motors 
reveals the fact that to provide for motor leads being taken 
over the motor cases and leave suitable clearance there must be 
a minimum height of 40 inches from the rail to the under-side 
of the centre sills. The truck bolster is not raised higher than 
in ordinary trucks which produces the necessity of providing a 
very deep centre plate on the body of the car or on the truck. 
If the deep extension be down from the centre sills the motor 
torque acts with a long arm and the tendency to set up a bend. 
ing strain in these sills is considerable. On the other hand if 
the centre plate extend upward from the truck bolster its tilting 
action is much that 
forces and the truck action is poor. 
in discomfort to the patrons. 


inertia 
This is at once evidenced 


increased over and above due to 


Unknown Factors——Apart from its destructive influences upon 
the track, the gyroscopic action of the motors has 
to resist the proper curving of the truck. 


a tendency 
resistance 
throughout the length of the curve and upon squaring on the 
tangents is not only a cause of disagreeable vibrations in the car 
body but has its effect in the imposition of repeated strains on 
the underframe for which no consideration has been taken. 
These forces together with the inertia forces of the body are 
instrumental in the working of any defective riveting ani ulti- 
mately throwing it askew, even if not to such a degree as to be 
of marked import for ordinary running, it will enhance the de- 
structive consequences of impacts. There are many factors tend- 
ing to place a complicity of strain upon the underframe for 
which it is impossible to secure a just approximation of the 
value or effect. The quality of workmanship put into the vital 
portions of the framing and high grade of material will assuredly 
take care of whatever secondary stresses arise if the loads in 
both vertical and horizontal planes be taken at a maximum and 
the specification clauses covering strengths in our previous ar- 
ticle on the underframe be followed with the recommendations 
given therein. It is understood, of course, that the value of al- 
lowable end shock is not a constant and varies with the hazard 
of operation and inherent energy of the moving units. 

As to just what strength is required it is impossible to state 
for all cases in general. 


This 


Proper reliability must be based upon 
careful preliminary studies and will be found to be of a changing 
value. 

Known Factors.—All the features noted in the preliminary in- 
vestigations have a direct effect upon the underframe members. 
The means provided for rapid loading and unloading of pas- 
sengers to reduce station stops on short headway determine the 
choice of platform, vestibules, door arrangement, character of 
seating and even length of car to a certain degree. The seating 
capacity together with the size 
clearance diagrams gives the designer the value to be allowed 


of superstructure permitted by 


for lading and a figure he dare not exceed in weight per unit 
of length for the complete car. This is usually found to be speci- 
The size of motors 
centre sill 
height of section 


fied before the electrical equipment is chosen. 
has been referred to as placing a lower limit on the 
sections. An upper limit is given to the possible 
by the height and character of station platforms where cars use 
no steps or combination of straight floor and steps. This we 
have not found in any case to exceed 53 inches. 

All the space between the lower limit of 40 inches and this 
top limit is not available for centre sill depth, as the flooring will 
take up from an inch to two inches on top of the sills. 

The heavy voltages in use and the liability of serious injury 
from the heat which may be generated in an accident or even a 








local derangement of the apparatus on the car, the floor must 
be so designed as to resist the transmission of heat to a great 
degree, this provision will increase the necessary depth of floor- 
ing beyond what carrying capacity and sound deadening quali- 
ties demand. The underframe members should be constructed in 
detail with an eye to provision for the attachment of the appa- 
ratus which will be necessary to complete the car equipment, 
and in this attachment the heaviest pieces should be placed as 
near as possible along the centre line of the car to minimize the 
rolling action of the body and toward the end of the car away 
from the motor truck, so as to dampen the whipping action in the 
curving of a unit, the one end of which carries a great preponder- 
ance of weight. The question of proper insulation for the elec- 
trical apparatus has been solved in a great measure for the car 
designers by the electrical manufacturers insulating the pieces 
of apparatus within their containing cases and there need be no 
further consideration of that subject. 

Determination of End Shock.—The cars built of this form of 
underframe are intended for load carrying conditions which are 
much similar to those provided for by the early car builders. The 
line of demarkation is to be noted in the necessity for centre sill 
construction to provide for end shocks. The character of these 
sills is dependent upon the probability of collision and the ex- 
tremity of the destructive forces accompanying such impact. 
Itrequency of trains and short headway, together with the char- 
acter of the service, the use of the same tracks by both steam 
and electricity, the type of signals, condition of equipment and 
perscnnel of the service, all contribute or detract from this prob- 
ability. The maximum of the destructive forces resulting from 
two trains endeavoring to pass each other on the same track is 
determined by the mass and the impinging velocity of the moving 
units. Evidently there is such a case that the probability of col- 
lision or wreckage is so remote and the weights and velocities 
so limited as to make the use of centre sills entirely unnecessary 
(as for example infrequent car service on trolley lines) and 
opposed to this condition is that of our steam trunk lines, where 
the probability is ever imminent and the weights and speeds a 
maximum. 

Thus the provisions which are made for these destructive 
buffing strains must be capable of standing up to the data se- 
cured from a most careful study of the conditions under which 
the equipment will operate. Not only must these operating con- 
ditions be determined for the present, but the future should be 
analyzed so that the cars may be capable of providing strength 
and reliability for all service contingencies liable to be operative 
throughout its life. This can at best be only surmised and will 
vary much with the locality. Much can, however, be anticipated 
and it is always better to err on the side of increased safety. 
Under metropolitan operating conditions the power is much 
overworked at the present time, motor overheating has become 
a serious problem. This looks toward the use of quadruple 
equipment together with increased possibilities for speed and the 
added weight for the electrical apparatus. Then also the possi- 
bility of trunk and metropolitan lines using common tunnels or 
tracks to a Union station must be considered. The hazard of 
operation, together with the kinetic energy stored in the train, 
is thus a basis upon which the end shocks can be provided for 
in comparison with that found to hold good for steam service in 
the first underframe article. 

Considering the features of this underframe, t.¢., a weak centre 
sill construction and rigid side girder, it is apparent that it is 
good only for nominal end shocks. For such service this car can 
be constructed lighter for a given strength than any other form. 
There is a point in the series of values of buffing loads for a car 
of given length where the economy in weight of the Forms 1 
and II is identical, below this point the first is preferable and 
above it the second. 

This form of underframe is hence at its best when the maxi- 
mum end shocks coming upon it are not of a severity exceeding 
those which occur in steam service with the most careful hand- 
ling. it will require but a fair sized motor train operating at 
good speed to produce the maximum of strain, but for purposes 
of illustration we shall assume to design the sectional areas re- 
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quired in the main members for a coach to operate under the 
conditions for which we have previously noted this form was 
most useful. That is for a road which handles passenger electric 
multiple control trains exclusively with schedule speeds of not 
more than 45 miles per hour and the maximum trains run in 
either express or local service to be of eight cars. The weight 
of these cars to be 70,000 pounds for trailers and 75,000 pounds 
for motors of approximately 52 feet long over platform and 
end sills. 


In this exposition we aim to show how to use the loads to find 
the stresses for any car of this form, and as a consequence we 
shall not take into account the possibility of future developments 
in operation of the road. These developments would not change 
the character of the strains but they would alter their intensity. 
The degree of such change fluctuates with so many variables, as 
before noted, that a consideration of them would not help the 
discussion of how strains of this character are resisted and the 
stress in the members produced by such resistance. The local 
trains weigh more than the express trains in this service for the 
reason that the proportion of motor cars to trailer cars must 
be increased so as to obtain sufficient acceleration to make time 
with the frequent required. The express trains 
travel with greater schedule speed and from an examination of 
such trains on existing lines we find that the kinetic energy of 
the two trains is about equal and that of a local excursion train 
of double the number of cars is not much in excess of the value 
of the express. 


very stops 


The kinetic energies of the heavy steam express trains on 
several prominent trunk lines operating at schedule speeds ranges 
anywhere from 50,000,000 to 120,000,000 foot-pounds, for which 
trains we have advocated a shock of 500,000 pounds static for 
buffing. sal 

The kinetic energy inherent in an eight motor car train operat- 
ing between 40 and 45 miles per hour is about 50,000,000 foot- 
pounds. The factors of weight and speed having been taken 
into account in both steam and electric service and the short 
headway in the latter making for as much possibility of operating 
accidents as are pregnant in the former, it would seem proper 
to assume that the end shocks that should be provided for in the 
latter case would be 5/12 of 500,000, which is about 200,000 
pounds. This will illustrate exactly what is meant by the rela- 
tive value of the quality of reliability, and other conditions being 
equal the end shocks may safely be assumed to vary from 0 to a 
maximum of 500,000 pounds (recommended from Lake Shore 
tests), and that the degree of end shock be chosen according to 
the ratio of kinetic energies. 


ARRANGEMENT OF UNDERFRAME MEMBERS. 


The diagram, Fig. 1, illustrates the disposition of the mem- 
bers of the framing but does not represent our ideas of detail 
design to stand up under the assumed end shock. 

The centre silis are composed of shallow I-beams, the largest 
and heaviest section for the 6-inch beam being assumed. They 
are to be continuous from platform to platform and rest upon 
transverse supports to the side girder. The body end sill is the 
first support, next would come the bolster and between the twa 
bolsters these supports are placed at the main posts, which in 
turn are spaced according to the window arrangement most con- 
venient to the passengers and character of seating. The centre 
sills are then a continuous beam with 10 spans. The character of 
the end construction determines the values of bending stresses 
in the last span at each end and affects the moment in the 
spans contiguous to them. If the vestibule is made strong enough 
in the hood to act as a cantilever to help support the platform, 
then the end sills in this region are loaded with a uniform load, 
which is a maximum when‘the car is filling up or emptying and 
the platform is full of passengers. Opposed to this design is 
that in which the ‘end sills get half the platform load at the plat- 
form end sill; this will increase the end bending moment in 
the end spans. In the former case the end span is supported and 
in the latter is overhanging. The supported end is the best condi- 
tion and to secure it the end roof construction must be designed 


for good vertical rigidity and stiffness. This will in effect trans- 
fer all this load to the side girder through the body end con- 
struction and end sills. There is no other way to take care of 
it and provide for platform doors and steps. The diagram does 
not show steps, but their use is necessary for nearly all service 
conditions. 

Centre Sill Lading—The character of the loading which comes 
on these beams is a combination of, first, the uniform lading due 
to dead weight and passenger lading, and, second, that from the 
uniform load, equivalent in effect to the end shock or, if no end 
shock is to be provided for, the eccentric tension or compression 
due to the motor torque. 

The determination of the reactions at the supports or trans- 
verse beams are not readily found in this type of beam (contin- 
uous) and difficulties are interposed to the finding of the shear- 
ing stresses and moments at the various sections which should 
be investigated. A positive check upon all the theory connected 
with these sills is afforded by an application of the general prin- 
ciples of the equation of equilibrium between external and in- 
ternal forces fundamental theories must 
hold as well as those for shear and moments. Stated concisely 
these are, “that for any section the shearing stresses and mo- 
ments are respectively equal to the algebraic loads and moments 
on either side of that section.’ It is customary to consider the 
left side in calculating. Not only do these afford a check, but 

neral formule applicable to any given 


and moments. These 


they are used to find th 
case. 

Each mid-span of this girder is in the same condition as if it 
had both of its ends overhanging and the two end spans at the 
platforms with but one end overhanging (for the supported 
condition, otherwise it would be in the position of a beam with 
a support in the central region). 

Using a standard structural shape for the centre sills with a 
constant cross section and depth, the values of moment of inertia 
and modulus of resistance are equal throughout the sills if the 
supports are at the same level. This simplifies the application 
of the theory of three moments to the case in hand. The 
question as to whether it is advisable to use a light box girder 
of the same weight as two simple rolled shapes will depend to 
a great extent upon the character of the climate and atmosphere 
where the cars are intended to run. With the strength disposed 
in such a manner all the members are very thin and a corrosive 
atmosphere will shortly seriously impair their usefulness, since 
a small amount of corrosion represents such a large loss of per- 
centage area and strength. No matter what the character of 
the lading or the form of the beam the theorem of “three mo- 
ments” will apply to it. 


THEORETICAL DISCUSSION OF CENTRE SILLS. 


Continuous Beams.—The treatment of this theorem is very 
unsatisfactory in the majority of text and reference books upon 
the “Mechanics of Materials” and “Girder Design.” The lack is 
due to the fact that with few exceptions the only beams treated 
are for uniform loads and lengths for all spans, so that the ap- 
plication to any special beam other than found therein requires 
the working out of a suitable formula to suit it. The derivation 
of the completed general formula will be found for the centre sill 
assumed, and the remainder written by analogy to fit each span. 

The method of the solution is to first find the equation of the 
elastic curves for any section and its adjacent span which multi- 
plied by the product of the coefficient of elasticity into the mo- 
These 
two differential equations when integrated once and the constants 
of integration determined represent the slope of the tangent to 
the elastic curve. Now since the curves have been found for 
two adjacent spans it follows that over the point of support 
between the spans the curves must have a common tangent. The 
next step is to evaluate the tangent equations for the ordinates 
of this point of tangency and equate the two equations which 
are now identical and the solution of this resulting equation 
gives a result showing the relation between the three moments, 
the two span lengths and the loading upon each length. The 
problem is complicated somewhat because the equations contain 


ment of inertia will be a measure of the bending moment. 
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V: is the resultant and the arm 
of its action to the left of the point 
of support can be assumed to be m, 
then the moment of these loads 
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FIG. I.—ARRANGEMENT OF UNDERFRAME MEMBERS 


expressions of the vertical shearing stress at the supports and 
it becomes necessary to find the moments at the supports to elim- 
inate it in the tangent formula. 

Consider the first two spans at the left end of the diagram. 
The moments, reactions, shears, lengths, and weights are desig- 
nated. For any curve of bending, the general formula expressing 
the relation between the bending moment, physical properties 
and disposition of the material and curve is 

d?y M 


dx? EI 


or 


dx- 
Now for any section at distance x from the end, the general 
law of moments will give 





d?y 
EI —-= M= M, t+ Vx — Bw xt......----- iy hoe wine Ss 
dx? 

This equation upon being integrated and the constants of inte- 
gration being found from the relations that y = o when x = I, 
there will result 

d*y 
24EI — = 12M, (2x —1) + 4V (3x? 1?) — [w,(4x* 13)].---.....8. 
dx? 
By analogy we can write for the second span 
dy 
24FI —- = 12M,(2x — 1.) + 4V (3x? 17) — w,(4x? had ictoeaee 4. 
dx 4 , ; 2 : : 

These are the two tangent slopes which must be identical when 
x = I, in the first case and when + o in the second. This 
substitution having been made (3) becomes 

dy 
24E] --—- = 12M], + 8V,]? — 3w]l?..... 
dx 
and (4) becomes 
dy 
— 24EI —— = — 12M], —4V,1]? + w]3..... 6 
dx o a 


The signs have been changed, due to the difference in character 
of the moments, but the numerical value remains the same. 

These equations must be evaluated for the shears V; and V; 
before they are in shape to use, as we wish. The general theory 
of shears gives the result for shear v at any section +x. 









AND MOMENT CURVES. 


Now from definition Vi x: is the 
value of the moment at left support 
and as such is equal to M, shown 
in the diagram, hence formula (8) 
becomes 

NM. = M, of Vx —_— Maw, x?.. cooue 

This shows that to find Mx it is 
necessary to know Vi: and M;. Now 
suppose x to be taken equal to 1, 
which will cause Mx to equal M: 
and formula (9) becomes 

M, = M, + Vl, — %w,]?.. ..10. 

This when transposed gives a 

value of 
V1, = M, — M, + %w,l?. ...11. 
By analogy the values of Va may 


be written 
— M, + %w,l,7 





In 
Substituting values of V: in equation (5) and V2 in equation 
(6) and equating the results there is found 





Ml, + 2M,(1, +1.) + Ml, = yw, l3 = Yw,13 Pere ree 13. 
which in its general form for any span (n) is 
Wa Way, 
Mala + 2Ma,,(la + In,,) + Maj,lny = ——- 1? +—— Pa,, --16. 
4 4 


These formula show how the bending moment at any support 
is connected with those on either side of it. 

The bending moments at the supports are thus determined, 
it remains to find that for the middle of the span. Considering 
equation (9) written in a general form for span (n) from left 


In 
end and x to be taken for the middle ordinate or x = — then 
2 
ls Wa 
ee ee | TR ee ener ee 15. 
2 4 


Now from (12) substitute the value of Va and simplify when 
there will result 
M, + Mz, 
M, = ——_— 





2 
which denotes that at the middle of any span the bending moment 
is a mean of that at either end. 

In the diagram there are 10 spans and 11 supports with 9 un- 
known moments. Nine equations can be written by analogy 
from formula (14), but only the first five of them are neces- 
sary for solving this problem, since the following relations be- 
tween the quantities hold from the construction. These are 1; = 
le == te Ghd ly = &. 


L=—bk=kb— bk — i=) = 1. 


M. = Mu = O 

M: — Mio 

M3; = Mo 

M. = Ms 

M; = M; and all values of w are equal. 


(b) Struts— The design of columns rests on a much less ra- 
tional basis than beams. Euler’s formula is theoretically correct 
in giving the load which causes rupture by lateral binding, but is 
only true for columns where the slenderness ratio is large. Merri- 
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man cites Rankine’s formula as the peer of any of the column 
formule which have been developed to investigate the action of 
columns when stressed within the elastic limit. This column 
formula 


mac) 


when solved for values of 

P = 2¢0,000 pounds 

a == 2 X 5.07 = 10.14 sq. inches 

4 
yo = --— 
25600 

r= 8 X 2.27 = 4.54 inches 
will give a value of S, which is beyond the ultimate strength of 
the centre sill beams. This is the condition that would have to 
be provided for if the connection between the centre sills and 
the side sills were not perfectly rigid and stronger than the 
beams themselves in their members. Hence the method of using 
weak sills with such an end shock is to reduce the slenderness 
ratio and approximate as closely as possible to the condition of 
a series of short struts or even compression pieces. To do this 
we shall consider the connections as we have said they must 
be and solve for struts of lengths 70 inches, 50 inches and 30 
inches. 

The stress is a combination of the direct and bending stresses. 
fe 
This portion of the stress due to bending, which is ¥? —, we pro- 
r’ 
pose to use as a measure of uniform load which produces a bend- 
ing action in the centre sills at right angles to the uniform lading 
of the car body. This operation is necessary to secure a just 
appreciation of the forces which come on the side sills in a hori- 
zontal plane. This condition holds when the transverse sup- 
ports are firm in a combination of either tension or compression 
and flexural stresses and the centre sills have their greatest least 
radius of gyration about a vertical axis, as is true in this case. 
(To be continued.) 


INSTALLATION OF DR. W. F. M. GOSS. 


The formal exercises incident to the installation of Dr. W. F. 
M. Goss as Dean of the College of Engineering of the University 
of Illinois, occurred February 5 in connection with the formal 
opening of the graduate school of the University. The exercises 
included two sessions and a tour of inspection through the lab- 
oratories. 

The morning session began with a brief address by the presi- 
dent of the University, Dr. Edmund J. James, introducing the 
chairman of the session, Prof. James M. White. Addresses were 
delivered by Prof. Ira O. Baker, describing some significant 
events in the development of the college, with which he has been 
identified for more than thirty years. Mr. William L. Abbott, 
president of the Board of Trustees, briefly discussed the stand- 
ing of the technical graduate in the engineering profession. Fol- 
lowing this the formal installation address of Dr. Goss entitled 
the “State College of Engineering,” was delivered. 

The afternoon session included an address by Mr. Robert W. 
Hunt on “The Value of Engineering Research,” and an address 
by Mr. Williard A. Smith, on the “Need of Graduate Courses in 
Engineering.” 

Between the sessions a trip of inspection through the several 
laboratories took place. Special interest was shown by the vis- 
itors in the electric test car; the railway dynamometer car, and 
the 600,000-Ib. testing machine for work on reinforced concrete, 
which are installed in these laboratories. A large number of 
guests were present, including representatives of all the more 
important educational and scientific societies and technical 
journals. 





Marcn Meetinc oF THE A. S. M. E.—At the next regular 
monthly meeting, to be held in New York on the evening of 
March 10, a paper on the “Steam Path of the Steam Turbine” 
will be presented by Dr. Charles P. Steinmetz. 


LOCOMOTIVE SMOKE STACKS. 





By W. E. Jounsrton. 





The Master Mechanics’ tests on exhaust pipes and nozzles 
made at Purdue in 1896 showed the form of the exhaust jet for 
a 44%” nozzle very clearly and if further tests were made with 
nozzles of different diameters, it is reasonable to suppose that 
the form of the jet from all nozzles of the same type would be 
similar and that the diameter of the jet at any point would be 
proportional to the diameter of the nozzle. Also, since the diam- 
eter of the jet increases in a definite manner as it leaves the 
nozzle, some expression can be derived to show the diameter 
of the jet at any point. Further, since the jet produces the 
vacuum in the smoke box, it should be possible to derive a for- 
mula for stack diameter, based on the nozzle diameter and the 
distance from nozzle to the choke of a taper stack er some cor- 
responding point in a straight stack. 

A comparison of a few boilers of recent design for Mikado, 
Consolidation, Pacific, American and six-wheel switch engines 
shows that the Master Mechanics’ formule will give quite dif- 
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FIG, I. 
ferent results from one based on nozzle diameter and distance 
from nozzle to stack. 

It is evident that the smoke box may be varied in any manner, 
so long as its variations in shape do not restrict the flow of 
gases from the flues to and around the jet and to the base of 
the stack. This conclusion is confirmed by the results of the 
Master Mechanics’ tests of 1906. 

It is the purpose of this article, therefore, to present the de- 
velopment of new formule for stack diameters, using the data 
obtained in the tests of 1896, 1903 and 1906 as a basis. 

Taper STACKS. 

The tests of 1896, in addition to showing the form of the jet, 
showed that the best distance for a 414” nozzle from the choke 
of a 14” taper stack was about 47”, using a draft. pipe. The best 
results for the 1903 tests are shown in Table I. and Fig. 1, using 
the same references for nozzles as in the Master Mechanics’ 


Taste I. 

D 

Nozzle. “DD” Best Results. L. Vo 4% L. 
1 1444” 55” 7.42 47 
138%” 50” 7.07 46 

3 13%” 45” 6.71 47 

4 12%” 40” 6.32 -46 

5 1H,” 35” 5.92 47 

6 114%” 30” 5.50 48 

7 10” 25” 5.00 47 
BUGMIIF 6 4.6 he ckcds ddicentcdtcvicctacancyeencuaaeaeauasteant 47 


Committee’s report. 

By trial, it was found that the diameter of the best stack va- 
ried at a less rate than the distance “L” and that this variation 
was practically proportional to the square root of this distance; 


that is, 
4%4VL 


best stack is proportional to the diameter of the nozzle, the 


is constant. Assuming that the dfameter of the 
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D 
equation using the average value of 
44VL 
diameter of nozzle (41%4” in these tests). 
distance from nozzle to choke of stack in inches. 
diameter of stack. 


sD=a4aNvL 


Where N 
is 
D 
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The results of the 1906 tests were not plotted in the diagrams 
included in the report of the Master Mechanics’ Committee to 
show the variations in diameter of the best stack with varia- 
tions in the distance from nozzle to choke. Diagrams Figs. 2 
to 9 have, therefore, been prepared, showing the results of the 
tests with 3tb, 4tb and stb back pressure as far as shown in the 
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report for plain front ends, Series No. 2 to No. 9. 
From these diagrams Table II. and Fig. 10 have been taken. 


Tasts IL 
D 
Series. “T)” Best Results. L. L. 511/16 L. 

2 Greater than 21” 66” 

3 23” 66” 8.12 497 
4 Greater than 21” 66” 

5 19” 53%” 7.32 456 
6 19” 414” 6.44 -518 
7 16” 2914” 5.48 517 
8 : Xia 4144” 6.44 -464 
9 16” 29144” 5.43 -517 

RTT UTE T TT Te CERT ECT ee Ce -49 


The equation for these tests is then D = .49 N V L, derived 
in the same manner as for the 1903 tests. Referring again to the 
tests of 1896, the equation derived similarly is D = .48 VL. 
The larger constant in the formula 
for the 1906 tests is probably due to 
the form of the nozzle. The 1903 
nozzle is like Style “X,” shown in 
the 1896 report, while the 1906 nozzle 
is like Style “Y”; Style “X,” as 
stated in the 1896 report, gives less 
spread to the jet and would, there- 
fore, require a slightly smaller stack 
than Style “Y.” 

The close agreement between the 
equations for the three years would 


‘D’ 


seem to be sufficient proof of the re- 
_ liability of the formula for general 
use. 

Fig. 12 shows a diagram for con- 
veniently finding the diameter ot 
choke for taper stacks, based on the 
equation D = 49 N V L. 

STRAIGHT STACKS. 


Diameter of Stack. 


It is reasonable to suppose that the 
formula for straight stacks would be 
similar to that for taper stacks. In 
this case there is no definite place 
corresponding to the choke of a 
taper stack which may be taken as a 
measuring point. 

Table III. and Fig. 11, however, 
show the results for the tests of 
1903, obtained by taking “L” to the 
middle of the straight portion of the straight stacks and would 
seem to indicate that the formula D = .49 V L would give satis- 
factory results for straight stacks also. 











D 
TABLE III. 
Length Nozzle ol —_— 
of stack. Number. ‘“D” Best Results. Ba VL 414 VL. 
1 Greater than 1534” 60 
2 5%” 55 7.42 .500 
3 1444” 50 7.07 474 
2614" 4 138%” 45 6.71 .483 
5 134%" 40 6.32 .493 
6 124%” 35 5.92 -487 
7 11%” 30 5.48 .503 
1 Greater than 1534” 65 
2 Greater than 1534” 60 
3 15%” 55 7.42 -500 
3614” 4 14%” 50 7.07 491 
5 144” 45 6.71 -500 
6 138%” 40 6.32 493 
7 5.92 
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1 Greater than 15%” 70 
2 Greater than 1534” 65 
3 Greater than 1534” 60 
4634” 4 15%” 55 7.42 484 
5 14%” 50 7.07 .491 
6 144” 45 6.71 -500 
7 13%” 40 6.32 .493 
1 Greater than 1534” 75 
2 Greater than 154” 70 
3 Greater than 15%” 65 
564” 4 15%” 60 7.75 .478 
5 15%” 55 7.42 .500 
6 14%” 50 7.07 .491 
7 13%” 45 6.71 .483 
PROG 62 vhs a chides én peeteiseeatieieddteane -49 


Inasmuch as the variation in diameter of the stack is from 
two and a half to four times the variation in nozzle diameter, 
considerable care will be necessary in using this formula on new 
designs to determine the diameter of the nozzle reasonably 
close in advance for the particular conditions under which the 
engine is to operate. On old engines, the problem is simple, of 
course, as the size of the nozzle can be measured readily and 
the stack diameter can be taken from Fig. 12. 


It should be noted that this formula is based on front ends 
without draft pipes and, therefore, as determined by the Master 
Mechanics’ Committee in 1906, will give larger stack diameters 
than for front ends with draft pipes, this being in accordance 
with their report, that the larger stack without draft pipes gave 
the most satisfactory results. 


REQUIREMENTS OF SUCCESSFUL TRAVELING ENGINEERS.—Success 
and skill as enginemen are not all that is essential in a road 


Distance .% 


72 66 s+ 





gS 4 Sk 5S 6 64% 6t 6 yi 
Diometer of Nozzle. N”™ 


FIG. 12. 


foreman or traveling engineer—good judgment, a cool head, a 
temperate tongue and a “thick skin” are perhaps the best assets 
he can have. Without these he is not likely to possess the art 
of “approaching” in a satisfactory manner, the rank and file of 
enginemen with their various dispositions—Mr. D. R. Mac- 
Bain before the Traveling Engineers’ Association. 





Loncest Raitway Brince.—There is now in process of con- 
struction at Vancouver, Washington, a bridge to carry the Seat- 
tle, Portland Railway Company’s line across the Columbia River, 
which when completed will have the distinction of being the 
longest bridge of its class in the world. Its total length will be 
1% miles and its width will be about 35 ft., carrying a double 
track. The completed bridge will comprise 47 spans. A draw 
span, 450 ft. long, is provided in the centre of the river. 
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PACIFIC TYPE LOCOMOTIVE WITH WALSCHAERT VALVE GEAR. : 


WALSCHAERT VALVE GEAR FOR PACIFIC TYPE 
LOCOMOTIVE. 


The application of the Walschaert type of valve gear to a 
Pacific type locomotive presents difficulties not encountered with 
other wheel arrangements. ‘This, of course, is due to the prox- 
imity of the front driving wheel to the cylinder, necessitating 
the placing of the guide yoke very far forward and preventing 
its use as a support for the link. If, on the other hand, the link 
is placed back of the driver, being hung on an extension of the 
frame cross tie, as is often done with the ten-wheel type, it makes 
the eccentric rod so short as to introduce very serious errors of 
angularity. These difficulties have been solved by placing a sup- 
plementary frame outside of the front driver on which the link 
can be supported at the most desirable point. This construction 
adds considerable weight and a number of extra parts to the lo- 
comotive, but is practically the only solution of the problem. 

One of the simplest and best arrangements of this gear, which 
has come to our notice, is found on an order of ten locomotives 
recently delivered by the American Locomotive Company to the 
Florida East Coast Railroad. These engines are of medium 
weight, Pacific type, having 20 x 26 in. cylinders; 68 in. drivers 
and weigh 196,000 Ibs. total. The is of the extended 
wagon top type, measuring 621% in. 
diameter at the front end, has a total 


boiler 





The crank is split at the back and a clearance of % in. allowed, 
so that it can be drawn tightly to a bearing by means of the 
bolt. The crank is maintained in its setting by a 3% x 1 in. key 
and by the binding bolt fitting into a recess in the main pin, as 
is shown in the drawing. The pin on the end of the crank is 
3% in. diameter, and is provided with a case hardened bushing 
shrunk into place, which forms a bearing for the eccentric rod 
brass. This method of fastening the crank to the main pin per; 
mits it-to be removed. if desirable by simply driving out the 
single binding bolt. 

The eccentric rod is wrought iron and is fitted at the back 
end with a split brass bearing arranged with a wedge and ad- 
justing screw for taking up wear. The forward end is in the 
form of a jaw for connettion to the bottom of the link. This 
connection is made by a 134 in. pin, with taper fits in the rod 

the inner side. The pin and the 
bushing in the kKnk extension into which it fits are both case 
hardened. The link itself is made of hammered iron and case 
hardened, and is carried between two cast steel carriers, which 
have 3% in. trunnions fitted with case hardened bushings shrunk 
on and pinned to place. These trunnions rest in a cast steel bear- 
ing of special design, which fits between and is supported by two 
1% x 6 in. rolled iron plates extending between the guide yoke 


and a counter sunk head on 








heating surface of 2,571 sq. ft. and 
carries a steam pressure of 200 Ibs. 
The design of the engine is in gen- 





eral the same as other locomotives 

of this type built by this company, 
° . 

many of which have been _illus- 


























trated in these columns, and out- 
side of the valve gear will be given 
no special mention. The double 




















check valve on the top of the front 
barrel sheet is of the Phillips de- 
sign, and was described on page 27 
of the January issue of this jour- 
nal. The general dimensions and 
ratios are as shown in the table at 
the end of this article. 

The valve gear, as is always de- 
sirable, is practically all in one ver- 
tical plane, there being but 214 in. 
difference between the center of the 
pin on the eccentric crank and the 
valve stem; 1!4 in. of this is in an off-set in the eccentric rod and 
I in. is obtained at the connection of the radius bar to the com- 
bination lever. The valve chamber is thrown 4 in. outside the 
center of the cylinders, which presents no objection other than 
the increase in the weight of the cylinder casting and slightly 
longer steam passage, provided the clearance limits are not ex- 
ceeded. 

The illustrations on the opposite page show the detailed design 
of the more important parts of the gear. The eccentric crank is 
of cast steel and fits over a 554 in. diameter extension of the 
main crank pin, to which it is secured by a 14 in. binding bolt. 
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WALSCHAERT VALVE GEAR ON PACIFIC TYPE LOCOMOTIVE. 


and the extension of a special frame cross tie located between 
the first and second pair of drivers. These plates are set at 
12%4 in. centers and form a very rigid support for all of the main 
members of the gear. 

The reverse shaft is carried in bearings fastened between and 
to these plates at their connection to the frame cross tie. This 
bearing, which is shown in detail, is fitted with a cap held in 
place by two bolts, permitting the easy removal of the shaft. The 
reverse shaft arms are of cast steel in two parts, so constructed 
that the outer section of the arm can be removed without dis- 
turbing the shaft or inner arm. A block, having a sliding fit on 
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the square end of the radius bar, is fitted with trunnions which 
seat in the bearings of the reverse lever arm. 

The radius bar itself is made in two parts, which are secured 
together just ahead of the link by three 1 in. bolts. This connec- 
tion is specially designed, and details are shown in the illustra- 
tion. The after section includes the sliding connection to the 
reverse shaft and the pin connecting to the link block. The de- 
tails of this pin are also shown in the illustration. 

The valve stem connects to the cast steel cross head, sliding 
upon a single bar guide, 214 x 3 in. in section, supported between 
the valve chamber head and guide yoke. The combination lever 
spans this cross head and its guide and is connected to it by a 
1% in. pin, which is case hardened and runs in a case hardened 
bearing in the cross head. The union link is forked at both ends 
and is shown in detail in the illustration. 

The provision for lubrication throughout the whole gear is ex- 
ceptionally complete, as is also the provision for minimizing the 
wear at all bearing points. This has been done by the practically 
universal use of case hardened pins which fit in case hardened 
seats and run in case hardened bushings. 

The general dimensions and other data of these locomotives 
are shown in the following table: 

GENERAL DATA. 


ES COLO EG iae ana hc sas wa noes eG asa sens babe ence ee 4 ft. 8% in. 
SE Mee Ruc coho cake wise cen nak baad s44 54460 00nd eee Passenger 

MR UREECG EAU CESAA ak yids 6 5446asiene au ede. sees onsen acute Bitum. Coal 
so ak paabh ie dS NEN Sess (AdSSS DES ROORE 26,000 lbs. 
Ee A ON RIE IDCOOL. <1. 5 541050) :0:610 0.0615 osisie's oie’ 04 #8 0:0104150% 196,000 Ibs. 
es cw his occu eeu hues ab ois 650090500550 122,500 Ibs. 
Weight of engine and tender in working order................ 319,600 Ibs. 
chosing Che SoS woe need es asses Sosy s bebe 12 ft. 4 in. 
I NE Too i.cn bho th 05 55n aso enseemnssscicssbeoucssee 32 ft. 7 in. 
ene ees umein IRIE ORE. 5 5k 5 on ocic ccc eccvessceccesccee 60 ft. 2 in. 

RATIOS. 
WU GMEEL OR MIPEWOTS: = CERCNIVE SITOTE. «0s. cose cc cwccccvccccsscceveecs 4.70 
RE TEE E> ORETEUE DIONE: oo soc.c 0 oc cccc cc ccscccececessssevsase 7.50 
Tractive effort X diam. drivers + heating surface................. 685.00 
mes ENN WUPTMCE 2 BLBLE BIER. coos cc cccccsvcccecccccscssaccess 55.20 
Firebex heating surface + total heating surface, per cent............ 6.25 
Weight on drivers ~ total heating surface...............0eeceeeeees 47.80 
nes Wenemt = total heating Surlac]e..... ccs sce cece cccccccoccccccece 76.10 
Voiume both cylinders, RUE ne co ctg ss mC aneh ein oa ae ae eee 9.50 
Total heating surface — val. cylinders..............0.ccceccccceces 270.00 
a et NE sec sin ws bhi ins o'sininth nina ed 6 o omncenceneaeee 4.90 
CYLINDERS. 

MOC hee chee a nse ae Sek Sic Raines es'ss keke k es sds OOS ewhs eam owe Simple 
ee chincs pai ch eeeeian auch Saku OWS aacice ee 20 x 26 in 
VALVES 
CORN Cie wines se Sosa SKGAS ESS eA MeN SW ae sees eeeeaaee Piston 
ee ota t wales eec Ck bask OMe ukinishiulewuwn shut knee 6 in. 
Ne Ec Cae hak n oN Kas Sen Sh SUN os Siw te sed ee ESOS 1% in. 
I or La Dicisly ae koe Ke eek bbe SUN kb os KORN SER 1/16 in. 
EE Gita sha ga pian banish ek Vases nhowetnasecaee 3/16 in. 
WHEELS. 

RE INI MORI 5 inca oe ws an ou oo + 0a cache asensckeee® 68 in. 
RHE URI 6 5 ow oo 9'w ib wid lsu 65 av 080 ¥ 00 00s 00'0bee ee 3 in 
Driving journals, main, diameter and length ................... ® x 18 in. 
Driving journals, others, diameter and length................. 8% x 12 in. 
ee UIE EMI 5g 6 a's ba 4-0.4.0:0 4 6 4'a. hg a0 Sod pOd ec eon 33 in. 
Engine truck, journals ake Es poe te Sek eo SS wh Ch cena ee 5% x 10 in. 
rCrreie OUCEE, CRMEOMNE 4 ccccsncsisacssscacesdecdavsesesene 42 in 
Ce ek oi win e dWek au Wiad Keb ebe eect anaeed a’ 8 x 14 in 
BOILER 
ae ee a eee oe oo nl gai aba eles mew Seelewne E. WwW. 
eR Foe Se Os ics aia lewinuine aslo a Sk k Sa Sa aa wee seine 200 lbs 
ES OS BS ee ene eS 621% in. 
i En SET MURIEEED 6 0's 0 6'ns 646 .k.66 s0,050c see epesaswaien en 96 x 70 in. 
Firebox NIE Na 55. Gc Winns n'nid'e 5:4 04 da SESS aa Se aOR 
EE oon nell s ara baad bins oS die ee bs wb wie oer F-5, S & B-4%4 in. 
Tubes, number and outside diameter.............ccccccccccccccs 250—2 in. 
EN Ae LL web Sune so sob .sGeaneesduceaeeeaceices 18 ft. 6 in. 
I RMIIBIINS 55 5 o's 0 6 6 6, 0-0 0:aidivis iw 6.0.6 6062's bia eic w elees 2,410.7 sq. ft. 
EN oc cin cos 6k be cd G NO A'S O63.0 a eRSRE 160.4 sq. ft. 
os har AS (a a eb a, Anois. Sib a ala Alario w oe init 2,571.1 sq. ft. 
REAR AR SER en are CkGees eae 46.8 “. ft. 
EN 56 515s 65 5 0.o. s.swinla wich dso Sie eum m wadacaemawae in. 
COUN UINRNUM GOVE TOM .5 oo sci ccccccccsenccccececees 16 tt. 35% in. 
TENDER 
ee ea ee ne hic ety ginvkin sib Ge SOA dia SRS Roe S ANOS Water Bottom 
IT ae eg ea cern! ts 1a Ww Wine IRAE wh he OSC 13 in. channels 
I SNE oe RE NIE son rela Gr Leck Ge iat Sotelo tale hoch dane BIS AISIE ORT 33 in. 
Journals, diameter and length ..............cccccscccsccsceesD% X 10 in, 
Water CBPBCHY 2 ccc cece eects cece cece c cece cece eesseeense 6,000 gals. 
NE on aich eR SGN WA WE crs usinn es beKh G4 ss cbseoueataebhavee 10 tons 


Greatest Lumper Cut.—The Forestry Service of the U. S. 
Department of Agriculture reports that more lumber was cut in 
the U. S. last year than in any other year in its history. <A total 
of 37,550,736 board feet, which has a mill value of $621,151,388, 
was produced. In addition there were nearly 12,000,000,000 shin- 
gles, valued at $24,000,000, and nearly 4,000,000,000 laths, valued 
at $11,500,000. An investigation of circular No. 122, giving the 
different kinds of lumber produced, shows very clearly the pass- 
ing of white pine and oak. Since 1899 the cut of the former has 
fallen off more than 40 per cent., and white oak has fallen off 
more than 36 per cent. Yellow pine leads all other woods in the 


amount cut, with Douglass fir as a second. Since 1899 the aver- 
age increase in the price of lumber has been about 49 per cent. 


HANDLING LOCOMOTIVE SUPPLIES.* 





By E. Fis ENnsIE. 





Part Il. 
ACCOUNTING. 





Between reduced rates from adverse legislation, and the in- 
creased prices demanded for labor and material, railway man- 
agements are facing a condition which calls for a greater econ- 
omy of operation per dollar earned, if the rapidly narrowing 
margin of profit is to be stayed and brought back even to the 
figures attained in the immediate past. If the return on the cap- 
ital in raiJr¢ad property is to approach a figure equivalent to the 
returns on investment in other commercial securities, a still 
greater effort must be made to use the facilities, equipment, and 
means for the carrying on of business, to the utmost lirait of 
efficiency. 

By reference to Moody’s Manual for 1907, it will be found that 
of 674 “Independent” operating steam raitroads in the United 
States, and of 57 large “Systems” (comprising 688 subsidiary com- 
panies), the former comprise not quite 11 per cent., and the latter 
nearly 90 per cent. of the railway mileage, thus showing to how 
great an extent consolidation and centralization of railway man- 
agement has taken place in this country. We cannot hope, nor 
is it desirable, to return to the old conditions when the roads 
were so small that officer and man dealt personally with each 
other; for these personal relations of the past, now gone for 
ever, we must substitute an artificial means of keeping those in 
the saddle of responsibility in touch with the details ot actual 
conditions, so that, having an intelligent view of the practices 
of the present, these responsible officers can lay down broader 
formule for the future. 

Let us admit that the conditions of railroading have made op- 
erative costs so high that now the margin of net earnings is 
scarcely guaranteeing a proper return on capital investment 
(forcing one good sized road into receiver’s hands) ; let us, how- 
ever, remedy this condition, not by cutting off improvements 
under way, and necessary for economical operation of the ftture, 
but by looking to the efficiency and economy of organization and 
operation, with the view to reducing operative expense per unit 
of operation by the application of modern methods, and hy the 
judicious stimulation of co-operative interest on the part of em- 
ployees. 

Let us look at our problem in this way: although we should 
no doubt continue to add to facilities and equipment, in order to 
prepare ourselves for the traffic of the future, when now we 
find capital for these additions hard to raise, hard to wring from 
dividends, we must use the equipment and facilities more effi- 
ciently and fully (a form of capitalizing earning capacity), and 
this applies whether we consider track in reference to its traffic 
carrying condition, or the investment in the supplies carried on 
locomotives. 

The instrument, that combines the function of a telescope of 
inspection with a rifle of attack, for the modern officer of super- 
vision, is a systematic method of accounting, designed to reflect 
actual detail operations. The basis for such an accounting sys- 
tem must be the prescribed Interstate Commerce Commission 
If we are to have any intelligent supervision of 
locomotive supplies at all, we must have account of them prop- 
erly and adequately rendered, and we must take as the basis of 
these accounts that portion of the Interstate Commerce Com- 
mission classification which relates to the articles comprising 
these supplies, and the costs of handling them. 

These portions of the official classification are quoted verbatim 
in the following and those portions of special note in connec- 
tion with this subject are italicized. 


(The fellowing, under the head of “Equipment,” is taken from pages 23 
and 24 of the “Classification of Expenditures for Road and Equipment, as 
Prescribed by the Interstate Commerce Commission, in Accordance with 
Section 20 of The Act to Regulate Commerce First Revised Edition’’): 


37. STEAM LOCOMOTIVES.—-To this account should be charged the 
cost of steam locomotives and tenders, including all appurtenances, furni- 
ture, and fiatures necessary to equip them for service, purchased or built 


classification. 


* Continued from page 11 of the January, 1908, issue. 
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at the company’s shops, including cost of transportation and setting up 
after receipt from builders. 


38. ELECTRIC LOCOMOTIVES.—To this account should be charged 
the cost of electric locomotives, including all appurtenances, furniture, and 
fixtures necessary to equip them for service, purchased or built at the com- 


pany’s shops, including cost of transportation and setting up after receipt 
from bui!ders. 


(The following extracts are taken from the “Classification of Operating 


Expenses, as Frescribed by the Interstate Commerce Commission, in Ac- 


cordance with Section 20 of The Act to Regulate Commerce, “Third Revised 
Issue”): 


[From Page 18.] 
Account. . 


Page. 

II. MAINTENANCE OF EQUIPMENT— 
[29] Steam Locomotives-—Repairs ...........eeceeeeeees 42 

[From Page 19.] 

IV. TRANSPORTATION EXPENSES— 

[78] Enginehouse Expenses—Yard .........ccseeeeececs 68 
[$2] Other Supplies for Yard Locomotives.............. 69 
[87] Enginehouse Expenses—Road .........0.eeeeeeeees 71 
[91] Other Supplies for Road Locomotives............ 73 


(Numbers in brackets refer to consecutive arrangement of Primary Ac- 
counts as listed on pages 17 to 20, inclusive, of the “Classification of Op- 
erating Expenses as Prescribed by the Interstate Commerce Commission in 
Accordance with Section 20 of The Act to Regulate Commerce—“Third 
Revised Issue—1907.") 


[From Pages 42 and 43.] 
STEAM LOCOMOTIVES—REPAIRS. 


This account includes cost of material used (less salvage) and labor 
expended in repairing steam locomotives and tenders, and fixtures thereof 
(except as otierwise provided for); such as air signal equipment, including 
hose, arm rests, awnings, brake fixtures, cab and steam-gage lamps, cab 
cushions, clocks, coal buards, fire extinguishers permanently attached to 
locomotives, gongs, head lamps, pneumatic sanding equipment, seat boxes, 
speed recorders, steam and other power brakes, steam-heat appliances, in- 
cluding hose and all other appliances of like nature, storm doors, tool 
boxes; also cost of supervision; pay of locomotive inspectors engaged in 
inspecting all parts of locomotives and tenders (except pay of smokestack 
and ash-pan inspectors, which should be charged to account “Enginehouse 
Expenses—Yard” or “‘Enginehouse Expenses—Road”), pay of employees 
engaged in sporging tender, driving and truck boxes of locomotives under- 
going repairs in shops (but pay of employees similarly engaged on loco- 
motives not undergoing repairs in shops should be charged to account “‘En- 
ginehouse Expenses—Yard”’ or “‘Enginehouse Expenses—Road’”’), and cost 
of cutting up condemned locomotives and tenders; small hand toois used 
exclusively in locomotive repairs; special service, such as bringing loco- 
motives to shops or watching them while on the way to shops for repairs, 
and trying locomotives after having been repaired; traveling expenses of 
employees whose pay is chargeable to this account; and payments of royal- 
ties, or for patent rights on brakes, brake fixtures, and other appliances 
used on locomotives; also proportion of shop expenses as provided in Note 
following account “Other Expenses.” 

The value of old material released during repairs and insurance recov- 
ered should be credited to this account. 

Note A.—-The word “repairs” as here used includes all repairs on or 
renewuls of parts of locomotives and tenders commonly known as steam- 
locomotive fixtures or attachments, and classified as running or roundhouse 
repairs; also repairs to or renewals of the more important or vital parts of 
locomctives and tenders, the necessity for which is caused by breakage, 
failure, or accident while im service; also the repairs to a steam locomotive 
or tender damaged through accident or otherwise, necessary to restore it 
to service: and also renewal of important or vital parts made necessary 
by reason of age or wear and tear from use. 

Note B.—The cost of repairing steam locomotives and tenders of foreign 
lines wayhilled as freight, damaged in transit, should be charged to account 
“Loss and Damage—Freignt,”’ and the cost of repairing steam locomotives 
of foreign lines having trackage rights over a carrier’s line damaged in 
collision or wreck for which a carrier is liable should be charged to account 
“Damage to Property.” 





[From Page 68.] 
ENGINEHOUSE EXPENSES—YARD. 


This account includes pay of, and cost of supplies furnished to callers, 
watchmen. and other employees engaged in wiping, cleaning, firing up, 
dumping, boiler washing, cleaning fire boxes, watching, and dispatching 
locomotives; and of other enginehouse employees, such as tool checkers, 
engineliouse cleaners, cinder pit cleaners, clinker dumpers, truck packers, 
turntable operators, sand dryers, inspectors of smokestacks and ash pans, 
when engaged in caring for locomotives in yard or terminal service; also 
a proporticn of wages paid enginehouse foremen and their clerks. 

Some of the more important items chargeable to this account are: 
Bowied ol, lampblack, rags, waste, lye, cleaning and polishing compounds, 
tools tor truck packers and hostlers, signal lights on turntabes and transfer 
tables at enginehouses, expenses of operation of such tables by power; heat- 
ing and lighting enginehouses and offices in them; oil for lubricating turn- 
tables; shovels, wheelbarrows, and other tools for cleaning around engine- 
houses and handling cinders; rent of cinder cars used at cinder pits; hose 
and water for cinder pits and for washing out boilers, cupboards in engine- 
houses, mechanical blowers and fire lighters for starting locomotive fires. 


Note.—When enginehouse expénses are incurred jointly for yard and road 
locomotives they should be apportioned on basis of number of locomotives 
of each class handled, 


[From Page 69.] 
OTHER SUPPLIES FOR YARD LOCOMOTIVES. 

This account includes the cost of headlight and signal oil and wicks used 
in headlights, signal lights, and enginemen’s torches; supplies for electric- 
light dynamos and carbide for acetylene gas for lights on locomotives in 
yard service; also the cost of furniture, tools, and other movable articles 
and supplies required fully to equip yard locomotives for service. 


[From Page 70.] 


The following are some of the items chargeable to this account, when 
furnished for use of yard enginemen: 


Ash hoes, Hose (not air brake, Saws, 
Ash-pan rods, air signal, or steam), Scoops, 
Axes, Hose reels, Shovels, 
Bars, buggy, Jacks, Slash bars, 
Bell cords, Jackscrews, Sledges, 
Boxes (portable), Lamps (signal only), Soap, 


Brooms, Lanterns and parts, Switch chains, 


Brushes, Locks for Portable Switch ropes, 
Buckets, : boxes, Switch poles, 
Chimneys, headlights, Matches, Thaw-out hose, 
Chisels, Metallic packing, Tool boxes (portable), 
Clinker hooks, Oilers, Torches, 
Crowbars, Oil cans, Torpedoes, 
Files, Packing hooks, Water buckets, 
Flags, Packing spoons, Water coolers, 
Grate shakers, Picks, Wrecking frogs, 
Hammers, Pinch bars, Wrenches. 
Handsaws, Plugging bars, 

Hatchets, Pokers, 


Note.-—-For cost of sand, see account “Other Supplies for Road Loco- 
motives.” 


[From Pages 71 and 72.] 
ENGINEHOUSE EXPENSES—ROAD. 


This account includes pay of and supplies furnished to callers, watch- 
men, and other employees engaged in wiping, cleaning, firing pp, dumping, 
bower washing, cleaning fire boxes, watching, and dispatching Cosmnetieess 
and ot other enginchouse employees, such as tool checkers, enginehouse 
cleaners, cinder pit cleaners, clinker dumpers, truck packers, turntable op- 
erators, sand dryers, inspectors of smokestacks and ash pans, when en- 
gaged in caring for locomotives in road service; also a proportion of 
wages paid enginehcuse foremen and their clerks. 

Some of the more important items chargeable to this accourit are: 
Boiled oil, lampblack, rags, waste, lye, cleaning and polishing compounds, 
tools for truck packers and hostlers, signal lights on turntables and transfer 
tables at enginehouses, expense of operation of such tables by power, heat- 
ing, and lighting enginehouses and offices in them, oil for lubricating turn- 
tables, shovels, wheelbarrows, and other tools for cleaning around engine- 
houses and handling cinders; rent of cinder cars used at cinder pits; hose 
and water for cinder pits and for washing out boilers; cupboards in engine- 
houses, mechanical blowers and fire lighters for starting locomotive fires. 

Note A.—When enginehouse expenses are incurred jointly for yard and 
road locomotives, they should be apportioned on basis of number of locomo- 
tives handled. 

Note B.—Cost of enginehouse expenses on locomotives engaged in work- 
train service should be charged as a part of work on which engaged. 


[From Page 73.] 
OTHER SUPPLIES FOR ROAD LOCOMOTIVES. 


This account includes the cost of headlight and signal oil and wicks 
used in headlights, signal lights, and enginemen’s torches; supplies for 
electric light dynamos and carbide for acetylene gas for lights on locomo- 
tives in road service; also the cost of furniture, tools and other movable 
articles and suppiies required fully to equip road locomotives for service; 
fuel for sand aryers and cost of sand and of loading it at sand pits; 
wheelbarrows, shovels, and sand screens used in handling sand for road lo- 
comotives. 


The following are some of the more important items chargeable to this 
account: 


Ash hoes, Hose (not air brake, air Sand, 

Ash-pan rods, signal, or steam), Saws, 

Axes, Hose reels, Scoops, 

Bars, buggy, Jacks, Shovels, 

Bell cords, Jackscrews, Slash bars, 
Boxes (portable), Lamps (signal only), Sledges, 
Brooms, Lanterns and parts, oap, 

Brushes, Locks for Portable Switch chains, 
Buckets, boxes, Switch ropes, 
Chimneys (headlight), Matches, Switch poles, 
Chisels, Metallic packing, Thaw-out hose, 
Clinker hooks, Oilers, Tool boxes (portable), 
Crowbars, Oil cans, Torches, 

Files, Packing hooks, Torpedoes, 
Flags, Packing spoons, Water buckets, 
Grate shakers, Picks, Water coolers, 
Hammers, Pinch bars, Wrecking frogs, 
Handsaws, Plugging bars, Wrenches. 
Hatchets, Pokers, 


Note A.—Cost of other supplies for locomotives engaged in _work-train 
service should be charged as a part of the work on which engaged. 


ote B.—The cost of sand as between yard and road locomotives being 
undetermined, the entire cost of sand issued to all locomotives should 
be charged to this account. 


The Interstate Commerce Commission prescribed accounts are 
the basis of our records—legally must be the basis. ‘hose por- 
tions of them relating at all to locomotive supplies and equip- 
ments, and the handling of these supplies, etc., have been quoted 
in extenso, verbatim. For the purpose of seeing more clearly 
the items included in this mass of text, let us rearrange them 
in list form, and omit all text not strictly relevant to the sup- 
plies or their handling expense. There follows such an arrange- 
ment. 


NEW LOCOMOTIVES—STEAM AND ELECTRIC. 
Appurtenances, Furniture and Fixtures. 


LOCOMOTIVE REPAIRS-—-STEAM AND ELECTRIC. 


Material (less salvage); labor; fixtures; air signal equipment including 
ose; arm rests; awnings; cab and steam-gage lamps; cab cushions; clocks; 
coal boards; fire extinguishers permanently attached; gongs; head lamps; 
seat boxes; speed recorders; steam heat appliances including hose and 
appliances of like nature; storm doors; tool boxes; also supervision; loco- 
motive inspectors; repairs on or removals of parts of locomotives and 
tenders, known as fixtures or attachments, caused by breakage, failure or 
accident. 


ENGINEHOUSE EXPENSES—YARD AND ROAD. 

Pay of and supplies furnished to employees; dumping; boiler washing; 
tool checkers and sand dryers; boiled oil; lampblack; rags; waste; lye; 
cleaning and polishing compounds; tools for truck packers and hostlers; 
signal lights on turntables; shovels; wheelbarrows; tools for cleaning around 
enginehouses and handling cinders; hose for cinder pits and for washing 
out boilers; cupboards in enginehouse. 


OTHER SUPPLIES AND OIL FOR LOCOMOTIVES—YARD AND ROAD. 


Headlight and signa! oil and wicks; supplies for electric light dynamos 
carbide for acetylene gas; furniture; tools; movable articles and sup- 
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pties; fuel for sand dryers; sand and loading it; wheelbarrows; shovels; 
sand screens. 


These are the items which the accounts must show. From 
what sources do we get the charges? The follow:ng will be 
a fairly complete analysis, although practice varies greatly on 
different roads: 


Requisition for furniture for locomotives undergoing repair. 

Requisition for material drawn to repair equipment. 

Division Master Mechanic’s Payroll, Repair Shop: 

Time of inspectors, spent in inspecting locomotive equipment; cost of 
labor looking after and repairing equipment of engines in shops; time 
of clerks spent in drawing up special supervision accounts, 

Requisition for locomotive supplies, yard. 

Requisition for locomotive supplies, road. 

Requisition for loconiotive headlights and signals, yard. 

Requisition for locomotive headlights and signals, road. 

Ice drawn by enginemen. 

Bills from foreign companies for supplies furnished at joint stations. 

Material specially ordered, or specially made in shops, for test or experi- 
mental purposes. 

Requisition for sand dryers’ tools. 

for direct and 

requisition, or apportioned on an arbitrary basis and when collected 


Fuel . stock sand dryers: Issued directly charged on 


against the account for locomotive supplies, credited on account to 
which originally charged. 

Bills and vouchers from contractors for sand furnished. 

Division Superintendent’s Payroll: engaged in loading 
and unloading sand for locomotive use, and in screening or working 


Time of men 
on it. 

Time of sand dryers drying and unloading sand: (Time of hostlers or 
others putting sand on engines is not included here.) 


APPROXIMATE APPORTIONMENT IN DETAIL OF VARIOUS EX- 








Expense vouchers of supervisors of locomotive supplies and assistants. 

Superintendent Motive Power Payroll: Supervisor of locomotive supplies 
and clerks. ‘Time of draughtsmen on standard drawings, 

Requisition for tools, supplies, apparatus and furniture used by engine- 
house employees. 

Division Master Mechanic’s Payroll—Enginehouses: Time of firemen, 
inspectors. supply men, equippers, tool checkers, hostlers, and clerks 
spent directly on the inspection of, care of, and repair of, and 
accounting locomotive supply equipments. 

The items of principal cost, and of principal interest to us, 
are those constituting the actual equipment carried on engines. 
That this is the case is evident from the following table, sub- 
dividing the various accounts (as built up from the several 
sources just listed) according to the kind of expenditure. The 
subdivision has been shown, also the numerical order of the 
accounts in the Interstate Commerce Commission classification, 
and a fair average of best practice proportions of expenses among 
the several accounts also shown on the basis of monthly and 
yearly costs per engine (with maximum and minimum limits in 
which good practice should find itself), on the basis of the total 
annual charges for these expenses to a road with 1,000 locomo- 
tives, and also each item as a per cent. of the total. 
the latter figure is only a rough approximation. 


Ot course 


APPROXIMATE APPORTIONMENT IN DETAIL OF VARIOUS ExX- 
PENSES CONNECTED WITH LOCOMOTIVE SUPPLIES 
AND EQUIPMENTS. 


Approximate net charge under efficient and 
economical system per: 


| 








PENSES CONNECTED WITH LOCOMOTIVE SUPPLIES 5 . «(Engine per Engine per| 1,000engines | 
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© . . , | 
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fixtures. and electric equipment. lees ee | 
loco’s. | es 
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Supplies, tools, Engin'ehouse 


300 Cupboards for expenses. 40. 1.00! 5.00. 15.00 5.000 15,000 | 13 
employes in 78 yard i , : . 
engine houses 87 road 

Stationery and ~ : 

900 ——— 50 (M.of E O01 )2 
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j Total material 


$2.12 $4.65 $25.00 $59.00 $25,000 $59,000 72 


| 500,600, 700, 800) | 
| | 





Locomotive supplies only in- 
cluding labor and super- 
vision : directly connected 


29,000 | 47 





r > 45) n| 2 

therewith (items 200, 500, 1.42 45) 16.00) 29.00| 16,000 
900, 1000, 202, 220, 222, 1050, 
305). | 

|And excluding oil, sand and | | 
engine-house expenses not 
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supplies carried on locomo-| * | 625) 35-00) 77.50 35,000 | 77.500 | 53 





tives (i. e., excluding items 
300, 400, 600, 700,800,308,303). | 
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(Check ) 
21st to 36 





page no. 





( Check) 
Month or 
date 





Page 


number 0000 


ORIGINAL REQUISITION BLANK. 


As we are most interested in the history of the engine equip- 
ment and supplies proper, it will be well to give detail forms for 
use in handling this phase of the matter. Two basic forms are 
submitted, one an original requisition blank, and the other a 
general summary sheet. The requisition here shown is not 
meant altogether to be adopted as it stands in toto for practical 
use, but it is meant to give almost all the data required for 
complete supervision purposes. Actually, no doubt, several items 
of information shown might be omitted without detracting from 
the efficiency of the general accounting scheme. 

The other form, that showing summaries and recapitulations, 
had its origin in the brain of one of our best railroad general 
storekeepers. He is not responsible for the present form of the 
record, but the general principle of a daily distribution sheet, 
giving a line to each day, and columns for the several accounts 
and subdivisions of accounts, is his, and it has worked out most 
excellently in looking after over $30,000,000 worth of material 







Price 










Article 


fr't & 
mat’l| lab’r | s’ch* 


RAILWAY 





(initials ) 
(initials ) 


shipped 





GENERAL SUMMARY 


issues per year. The adaptation of the loose leaf principle to 
this record is also due to his suggestion. 

The forms are 5 x 8 in. in size; are printed in light brown 
ink so as to leave the written record more conspicuous than 
the printing; are printed on cheap manila paper and furnished 
in pads of 150 gummed together on the binding edge; are 
punched for loose leaf use; are ruled (either color rulings or 
printed rulings may be used; if color is used the shade of all 
lines is light blue except those separating dollars and cents which 
should be in red) in multiples of 1/6th inch (horizontal rulings) 
and 1/1oth inch (vertical), which accords with standard type- 
writer spacing. 

Complete instructions (a suggestion for which is reproduced 
herewith) are printed on the back of each form, both to insure 
accuracy in making out the reports, and to prevent the use of 
the form for scratch pad purposes. ‘The clearance, for old equip- 
ment returned, or not returned, will be illustrated in a subse- 
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quent issue. The printing looks somewhat crowded, but this is 
no serious drawback, owing to the use of the brown ink, so that 
one may write a legible record over the printed matter without 
destroying the value either of the form of the record informa- 
tion. 


INSTRUCTIONS FOR MAKING OUT REQUISITIONS. 


No item of supplies, tools, equipment, fixtures, appliances, furniture, 
appurtenances, attachments, movable articles and the like, for use on loco- 
motives, may be issued to any engine, engineman, supplyman, equipper, in- 
spector, foreman, mechanic, tool checker, or other person, and charged to 
a locomotive, or to one of the accounts designated on the opposite side of 
this form, unless such item is properly requisitioned on this form in tripli- 
cate, and signed by the supplyman or person authorized in his place to sign 
requisition for such material. 

Requisition blanks will be furnished periodically as they are used up by 
those persons autnorized to issue them. Take up all correspondence as to 
requisition with supervisor of locomotive supplies. 

Nor will any 1equisition be honored unless it bears the information re- 
quired in columns or spaces as follows: 

Quantity (indicating what article is new or old). 

Article (with correct symbol or unequivocal name). 

Correct charge to correct account. 

Initials of supplyman or issuer of requisition. 

Store on which requisition is made. 

Engine number. 

Running to. 

Engineer’s initials (according to authorized list of initials). 

Firemen’s initials (according to authorized list of initials). 

If the articie requires a clearance for the old one before a new one is 
issued, requisition must be accompanied by clearance properly filled out in 
triplicate. 

or instructions as to filling out clearance see back of clearance form 
(Form 000 Standard). 

If clearance is turned in, check in “‘Clearance Check” — with letter 
C. If no clearance is turned in, check with letter N. f old article is 
returned, check with letter O. If no old article is returned, nam with X. 

Other information should be filled in as far as known and as circum- 
stances require. 

Originals of requisitions will be retained by 
as his authority for the issue of material. 

First duplicate will be forwarded promptly on date of issue by store- 
keeper to office of supervisor of locomotive supplies. ‘ 

Second duplicate will be retained by supplyman or equivalent person for 
his permanent file, in the binder provided for the purpose, where it may 
be referred to at any time. Tile requisitions numerically. 

No requisition blanks shall be destroyed, or used for other purpose; blanks 
spoiled in any way before use are to be sent with other requisitions to 
office of supervisor of locomotive. supplies. 


storekeeper honoring same 


INSTRUCTIONS FOR FILLING OUT SUPPLY ACCOUNT FORM. 


This ferm is designed to be used for a number of different purposes, so 
as to reflect to the supervisor of locomotive supplies, various aspects of the 
detailed imformation shown on the supply requisition form. 

This form wiil summarize and consolidate the information shown on the 
requisitions by engines, for purposes of account and distribution; by engi- 
neers, for the purpese of fixing responsibility; by firemen for a similar 
purpose with reference to tools and supplies used by and drawn for them; 
and by articles, so as to indicate those classes of articles which are occa- 
sioning the bulk of the expense, with a view to remedying defects in them 
in case high expense is caused by defects. 

The form is arranged for drawing off the information from the requisi- 
tions article by article as drawn, or for issues to engines or enginemen, 
or by articles for cach day, or for each month, or for each year. It will 
be noted that the lines permit of an entry being made for 10 days, thus 
requiring three sheets for one month’s record; also one line is provided 
for each month, and provision is made so that the total of given number 
of months (those since the beginning of the last fiscal or calendar year, 
for instance, the preceding 11 months added to the month in question, thus 
giving a yearly total for the 12 months, ending each month; or what is more 
convenient and practically as good, the preceding 9 months taken together 
with the current month, making 10 months in all, and thus making appa- 
rent at a glance what the average issues per month for a long recent period 
are). 

The plan of having 10 days on a sheet permits of closer touch being 
kept with these costs than is the case with records that run for a whole 
munth before they are closed, and abuses may be corrected at their in- 
ception. 

Not only does this form provide individual records 
and for short and long periods of time, but it may be 
for summarizing or recapitulating the v 
enginemen, ard articles. 

Furthermore, individual items, daily and monthly records of 
may be recapitulated for each statiorm where stores are 
each operative division. and for groups of divisions. 

Particular instructions follow relative to the manner of 
formation for each class of record. 


variously arranged, 
convenientiy used 
various individual records of engines, 


each class, 
also issued, for 


using this in- 


RECORD BY ENGINES. 

The articles as drawn on requisition will be entered up in detail for 
ali the articles on the requisition. The day of the month will be written 
in in the first left-hand marginal column provided for that purpose. Entries 
wiil be made in all the succeeding columns except that provided for the 
engine number (which is entered for this sheet in the space provided on 
the righ-hand margin), engineer's page number, and total account charges. 

Referring tow to the right-hand margin the following entries only will 
be made: Supplies drawn Pea ore store, division, engine 
number, “running to” and “service” if permanent assignment. 

These individusl entries can now be summarized according to any of the 
desired arrangements without having again to refer to copies of the original 
requisition form. daily distribution of the charges on each account, to 
each engine may be had, omitting reference to specific articles, enginemen 
or trips. Similarly a monthly distribution may be had. 

The engines fcr a given day, or for all the days of a month, or as a 
total for a montli. may be conveniently summarized on this sheet, showing 
the total charges to cach, for the period desired, on each account and the 
total for all accounts. In the case of such a summary, all entries would be 
ignored except the following: 

In columns. 
Engine number. 
Account charges. 
In right margin. 
Supplies drawn from................ 
Division. 

Without further going irto detail in respect to the entries for individuals, 
and groups. of enginemen, and of articles, it will be readily seen that almost 
any desired arrangement of entry can b+ made with this form in order to 
refiect the actual information desired for supervision purposes. 


As an example of what the individual engine record will show, 
an instance is given of charges to six engines for supplies and 
equipments furnished during one single month. These engines 
were received new from the locomotive works, and had to travel 
over about 1,000 miles of foreign rail lines and about 400 miles 
of home lines before they reached the central shop where they 
were to be set up and made ready for service. It was found, 
by the time they were ready to “break in” that most of the equip- 
ment which had been ordered with them from the builders, and 
which had been placed on them at the locomotive works, was 
altogether missing, and nearly complete new equipment had to be 
provided. 

The engines were then sent to the division on which they were 
to operate, another 800 miles away. After undergoing another 
“setting up,” this was the cost of the equipment that was sup- 
plied to each engine: 





aaa Wie Charges. 
Sed CRESR ee WAGES Shige cack Sa dwale chs hes ees SSS $67.28 

? SE ee ee ee ee ee ee ey ee 81.22 

Rib. i:5:5.c' Sh b dda SENS ARENA DAS Rew oc ROWER Chee Ree 93.59 

Dieikcc6 cases icienn eee yt ees Mien obs banua eee ee 101.65 

RE vie S52 6 tad Se he HS eke ee ONS de eee wees 87.32 

Din pceds 20640 s6bceweh 60 800 COane OSU ER Oenes meee 97.85 
Total for six New cCNMiNes.......ccccccees $528.35 

| ee ee fete T ey 88.07 


The average cost is in excess of the total cost for a complete 
equipment, as per standard equipment form; this form, however, 
in¢dluded many items that were never applied in practice to the 
engine. The total value of equipment according to the form 
was about $84.00; the value of the supplies, etc., actually put 
on when the engines were fully equipped for road service was 
in the neighborhood of $70.00. It will be seen that one of the 
engines in this list exceeded the cost of a total equipment by 
nearly 40 per cent. 

With these figures at hand, the attention of all concerned was 
so forcibly drawn to the shockingly wasteful cost that when the 
next lot of engines came over the same route, the charges were 
reasonable. This is an illustration of what proper accounting 
will reveal to him who wishes to supervise efficiently. 

Not more than $2.00 worth of supplies need to be drawn on 
an average, per month, per engine. In one month, the issues 
classified according to value, were as follows on three divisions 
of a certain road: 


NUMBER OF ENGINES ‘DRAWING “EQUIPMENT. 


| 
| | 
| 





Division | under under | under | under! Over Highest Amount Drawn 
| $1.00 $2.00 | $3.00 $4 00 $4.00 for one Engine 
| j i 
A SS ae 2 | 2 | 37 $75.46 
B | 36 17 | 14 | s-i ss 20.48 
c | 7 | 2 | 19.62 
1 | 


30 16 12 








It is evident that over one-half the engines do get aiong draw- 
ing an average of less than $2.00 per month. 

















If we take a perigd of several months for a division, this is 
still more evident. 
PERIOD COVERED-—-SEVEN MONTHS. 

About! Under! Under, Under } Over 

$1.00 $2.00 + $4.00 $5.90 $5.00 

7 5 " 

IR ed icc adios neatieskcadascupedionsneoumien '$ 09 |$ .14/$ .20 |$ 06 § _ .07 
NE NE 5055 vos snadeczascsidosinis ..| 69.09 | 163.18 | 417.95 | 181.60 | 427 01 
Averaue per engine...................... ia 7.12 | 11.66} 20.89 | 30.77 _ 61.11 
Average per engine per month........... 1.02 | 1.67 2.99 4.32 8.73 


Highest for one engine—period seven months.. $94.17 
Average per month for that engine........ neve $13.45 

To only 12 per cent. of the engines 35 per cent. of the issues 
go, or to one-quarter of the engines, half. Yet over half the 
engines, through this whole period, get along with an average 
of less than $2.00 issues per month. 

It would naturally seem as if the lowest records made by 
engineers for small tools and supplies will be most rapidly ac- 
quired on small engines in branch service. 

But after having gone very carefully into the matter, and using 
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as a basis of comparison the ratio of engineers’ wages to cost 
of supplies issued, the mileage or the service of the engine being 
proportional to these wages, it becomes evident that the larger 
and main line engines actually seem to cost less. laking one 
month on one particular division we find that for every dollar 
in wages paid to the engineer, the amount of supplies drawn, 
averaged over all engines in each class of service, is as follows: 





Large main line engimes.. 2... 6icecccccecciecces $0.0200 

Small main line engines | Pe Aer POE -0462 

Small branch line engines. .....6.6..cccccccccces .0750 

sngines in switch. S€TViCe........cccsccccccccnce .0201 
The “Primary Transportation Accounts” known as “Other 
Supplies for Locomotives” in yard and road service, are insig- 


nificant in gross amounts, compared with most other subdivisions 
of operating expense; they actually run from 4% of one per cent. 
to less than one per cent. of the total ditdiainian transportation 
expense, and it may seem that undue prominence is being given 
in this article to the petty details of a trifling and unimportant 
matter. Yet it must be remembered that it is often a serious 
matter for a locomotive to run improperly equipped, that if first 
attention is given to efficiency in this matter, economies are sure 
to result, and that such economies will amount to thousands and 
in some cases even hundreds of thousands of dollars per year; 
the improvement and the savings of revenue for net earn- 
ings are both worth the effort involved in securing them; and 
it should be noted that the analytical method nere outlined, upon 
which the constructive work of intelligible and correct account- 


a 








ing and economical efficient supervision is built, is applicable to 
many large fields of railway operation. Readers should keep this 
method in view when perusing this article, as a principle of much 
greater value than even the profitable proposition of handling 
locomotive supplies. 


RECORD OF LOCOMOTIVE EQUIPMENT COSTS OF A ROAD OWNING 
ABOUT 1,100 LOCOMOTIVES, SHOWING REDUCTIONS EFFECTED. 
THIS ACCOUNT WAS TOTALING ABOUT $80,000 PER YEAR, 
AND WAS ON THE INCREASE, WHEN TAKEN HOLD OF. 








Issues to Locemotives. 
Pay of tool check 
ers second year. 
First year. Second year. 





I cis ccacdiriccxs $1183 $1056 
February............... 1509 911 
March......... 1612 918 
[RRR ee : 1581 887 
| | ME aes $4916 1504 978 
Pe cbidinteccsadseaiaes 4996 1673 845 
Ne antlidovsccsecsadeics 4132 1110 fand 
Amat .....<... ee ti“( CS kee) Pe See 
September ...... ae USE ee 
October 1469 
November........ POR Bao” Cee ae? ee 
December.............. i ED Ge ramus beers 2 

NOTE OF ERRATUM. 


On page & of the preceding instalment of this article appeared two dia- 
grams giving tre cost of locomotive supplies in American railway practice 
in tenths of a cent ‘‘per revenue ton mile;” the legends (and also line 2, 
from the bottom, second column, of the same page) should have read, m 
tenths of a cent ‘ per Ice revenue ton miles.’ 
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AIR BRAKE INSTRUCTION CAR-—CENTRAL RAILROAD OF NEW JERSEY. 
AIR BRAKE INSTRUCTION CAR. clothescloset, wash-basin, etc., and the instruction room, which is 


CENTRAL RAILROAD OF NEw JERSEY. 





The Central Railroad of New Jersey has just completed at its 
Elizabethport shops a very completely equipped and excellently 
arranged air brake instruction car. This car was designed in the 
mechanical engineer’s office and consists of a wooden passenger 
car body, 70 ft. over end sills, in which is included complete air 
brake equipment for a 50-car freight train, a 5-car passenger 
train with locomotive and tender, as well as other separate and 
special brake, lubricator and injector parts. 

The car is aivided into two compartments, one 13 ft. long, 
equipped as an office and containing two desks, book-cases, berths, 


*s 










52 ft. long. The 50-freight-brake cylinders are hung from iron 
racks along each side of the car, in the instruction room, and each 
is provided with a double bracket with three-way valve for the 
“H” triple valve, either of which may 
be cut into service or both cut out entirely. The triples set in a 
horizontal position the same as in regular service. Gages with 
large dials are connected at different points and can be read from 
the end of the compartment. A full length of standard sized pipe 
accompanies each brake cylinder and is arranged in sections rest- 
ing on the regular car flooring. A false flooring, secured to sub 
sills, covers this piping. Any portion of this false floor can 
readily be removed for inspection and by the use of cut-out cocks 
it is possible to cut the brake cylinders into groups and give the 


attachment of the “K” and 
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THROUGH INSTRUCTION ROOM 


SECTION OF AIR BRAKE INSTRUCTION CAR. 


proper number of brakes for a 5, 10, 20, 30, 40, 45 and 50-car 
train. 

The illustration shows the arrangement of the apparatus and 
its piping. The 5-car passenger train is obtained by equipping 
five of the freight cylinders with a high speed reducing valve 
which can be cut in if desired. The 10-in. passenger brake cyl- 
inder, which has a slack adjuster and a Pi triple in tandem, is 
mounted upon a crane and can be swung out in front of the in- 
structor’s table. On the opposite side of the car is another 
crane supporting two 10-in. brake cylinders with K and L 
triples and sectional triples arranged in tandem. The air signal 
instruction apparatus consists of a 1I2-car train equipment, and 
is located under the lower deck on each side. 

The instruction table is equipped with a No. 6 ET valve com- 
plete with a distributing valve working in tandem; also a G6 
engineer’s valve, which can be used with or without straight air. 

All of this apparatus can be arranged for high speed brakes. 
The 9%4-in. air pump provided can be operated by steam or air, 
either direct or compound, thus being able to furnish any desired 
air pressure. This pump is operated by steam or air connec- 
tions from pipe lines at the various shops or stations, no boiler 
being provided in the car. The auxiliaries for the driver, tender 
and passenger cylinders are located under the car. 

In addition to the usual method of ventilation three hatch- 
ways fitted with hinged covers have been arranged in the center 

- of the roof. No accommodations for cooking have been pro- 
vided, since the car will always be located at points where hotel 
accommodation can be secured. 

The underframe consists of eight 5 x 8 in. wooden sills, the 
side sills being reinforced by 5% x 7 in. iron plates. Four truss 
rods are included and the window posts are made solid, so as 
to provide secure support for the brake cylinder brackets. The 
lighting is by Pintsch gas and the car is also wired for electric 
lights, the current being obtained from the circuits at the various 
shops. 

This car and the arrangement of its equipment was designed 
by Mr. B. P. Flory, mechanical engineer, and Mr. G. W. Rink, 


ae --87%—- - > 








wisisiogottete 
TITTY Ke a 
& 20%0" G.2.28 A OPes ¥ NAW Y Ys , 




















Section at AA 
SECTION SHOWING PIPING. 














ARRANGEMENT OF PIPES ON FLOOR OF INSTRUCTION CAR—CENTRAL RAILROAD OF NEW JERSEY. 
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INTERIOR OF AIR BRAKE INSTRUCTION CAR—C. R. R. OF N. J. 


chief draftsman, under the supervision of Mr. William McIntosh, 


superintendent of motive power. It has the following general 


dimensions: 

Re ei Dae ow opua rea eNiae side aaa meba a eae nd 70 ft 
EE SN SN OURS rts Cone ecutawae wae sdwan Cae hea weea ames 9 ft. 8 in. 
eT Fe gE | PPT EEVETLCCPET TT eer ee 
RR OO GU cnc vas cacaeecsnck eae Ui ad becee a eaedearvandieneaee 13 ft. 
UU MU wg vdeo a CaedG cadecaes caccteceunes Six wheel, 5 x 9 in. journals 
Oe le Ge CONN so ok bere ids Cheese dan dbanNaleuetindaes 150,000 Ibs. 


LUBRICATION OF AIR COMPRESSORS AND PNEUMATIC 
TOOLS. 

The lubrication of compressors and pneumatic tools is a 
feature deserving careful attention. A too frequent mistake is 
made by using in air cylinders of compressors oil intended for 
steam cylinders. Such oil is of low flash point, whereas, the 
power lubrication of air cylinders demands a light oil of high 
flash point and of very best quality. Oil of poor grade and low 
flash point becomes vaporized in air cylinders and is discharged 
with the air without effecting lubrication. 

Oil should be fed to air cylinders slowly and sparingly, as too 
much oil: will clog the air valves, causing them to stick and give 
trouble. Air valves should be examined and cleaned at intervals 
by washing in kerosene or naphtha. When this is done, the valves 
should be removed from the compressor. Engineers have been 
known to introduce kerosene through the air-inlet pipe, an ef- 
fective method of cleansing dirty valves, but sometimes equally 
effective in producing an explosion, since the oil forms a fine 
spray or mist which, when compressed with the air, produces a 
condition similar to that in the cylinder of an oil engine. 

The feeding of soap-suds into the air cylinder through the 
lubricator is excellent for keeping valves clean, but when this is 
done oil should be fed through afterward to prevent rust. 

The lubrication of pneumatic tools is of equal importance. One 
cannot do better than obtain and use one of the several brands 
of oil furnished by pneumatic tool makers who have made a 
special study of the requirements. Such oil is necessarily light, 
and under no circumstances should a heavy oil be used, as the 


cooling effect of the expanding air would cause it to clog the 
tool parts and prevent the free movement of the parts. 

Pneumatic hammers should be carefully cleaned after using, 
and kept submerged in a tank of oil when not in service. An 
excellent device for effectively lubricating pneumatic tools is an 
automatic oiler inserted in the supply hose about.20 inches from 
the tool with oil-proof hose between oiler and tool, which, oper- 
ating on the principle of an atomizer, enables. the flow of the 
lubricant to be regulated to a nicety—Mr. W. P. Pressinger be- 
fore the Central Railway Club. 





ELectro-PNeuMATIC Brake For Ramway Trains.—The Janu- 
ary issue of the Bulletin of the International Railway Congress 
includes a description of a new electric brake, which ‘has recently 
been devised by Messrs. Siemens & Halske, and which is ar- 
ranged to properly proportion the brake pressure to the co= 
efficient of friction, so that the maximum amount of braking 
power is obtained at all times. The apparatus is all supplemen- 
tary to the regular air brake equipment of the Westinghouse 
type and includes an extra brake cylinder and reservoir on each 
car. The pressure in the former is regulated by an electric gear 
operated by a mercury inertia regulator. A three-wire circuit is 
carried throughout the length of the train and the proper elec- 
trical apparatus and connections are made at each car and on 
the locomotive, so that the supplementary electrical action will be 
entirely automatic for ordinary stops and give a pressure in 
addition to that of the regular application, which will -be relieved 
as the speed is decreased. A connection is made to the engi- 
neer’s valve, so that in case of an emergency stop both the air 
and electric appliances are thrown into full use. 


INTERESTING Locomotive CoNnsrruction.—The pistons in the 
cylinders are connected to the four coupled driving wheels by 
a mechanism constructed according to most recent practice; in 
short, from piston rod to cross head through connecting rod to 
driver—E-xchange. 
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SUPERHEATED STEAM FOR LOCOMOTIVES.* 





By Rosert Garse.t 





Among the improvements in locomotive construction none has 
excited greater interest in professional circles than the applica- 
tion of highly superheated steam in current locomotive practice. 
Ten years ago few, even among the most far-seeing of practical 
locomotive engineers, were willing to admit of the possibility 
of permanently and regularly producing steam at temperatures 
of 550 to 650 degs. F. within the restricted capacity of an ordi- 
nary locomotive boiler and of its safe and economical application 
to the ordinary running of an engine; while at the present time 
it has found successful application in more than 2,000 locomo- 
tives, if we include those in construction with those actually 
running. Dry or moderately superheated steam has been tried 
on different occasions, but without realizing any notable eco- 
nomic advantage in practice, and it was not until Mr. William 
Schmidt, of Cassel, had developed practical methods of applying 
high superheat that its use became possible in stationary engines 
about 1880, while fifteen years later the first steps were taken in 
extending it to locomotives. 

From the beginning of the trials which were made at this time 
on the Prussian State Railways it became apparent that an ef- 
fective locomotive superheater could only be realized by making 
it a closely connected integral part of the boiler itself, receiving 
its heat from the live flames of the fire grate and not from waste 
gases or an independently fired apparatus. 

Properties of Hot Steam—According to Schmidt the term 
“hot steam” is to be understood as meaning steam that has been 
raised to 180 degs. F. above its proper saturation temperature. 
An appreciation of the method of producing and using super- 
heated steam will be much facilitated by a preliminary considera- 
tion of the more important properties in which it differs from 
saturated steam. 

The specific volume of saturated steam diminishes with in- 
crease of temperature, while on the other hand the volume of 
superheated steam increases nearly directly 1n proportion to the 
rise of temperature. The specific volume for superheat of 200 
degs. is increased approximately 25 per cent., and thus for the 
same cut-off in the cylinder the weight of steam required is 
about 25 per cent. less with 200 degs. superheat than with satu- 
tated steam with the same pressure. 

This augmentation of volume is, however, a less important 
advantage than that realized by the suppression of all cylinder 
condensation when the superheat is sufficiently high. Under or- 
dinary average working conditions with saturated steam about 
35 per cent. of the total quantity admitted immediately precipi- 
tates without doing any mechanical work and passes through the 
engine as suspended water in the steam. Highly superheated 
steam, on the contrary, does not lose any of its capacity as a 
working agent. This condition is augmented by the low thermal 
conductivity of the superheated steam; while saturated steam is 
a good conductor of heat, highly superheated steam is a very 
bad conductor. [his property, which is of great value in re- 
ducing the loss by cooling in the cylinders, is, on the other hand, 
an obstacle to the free transmission of the heat to the steam in 
the superheater and calls for special consideration in its design. 

In order to realize the great economical advantage of hot steam, 
increased volume and avoidance of cylinder condensation, a cer- 
tain heat expenditure must be debited to the saving due to the 
above items. 

The heat necessary to rise one pound of saturated steam from 
its proper temperature T to a higher temperature t degrees F is: 
W. = C (t — T) B.T.U. 

C being the specific heat of the superheated steam under con- 
stant pressure. 
Putting W equal to the quantity of heat contained per pound 

of steam saturated at this particular pressure, then W: = W + 

W: = W + C (t — T) expresses the heat value of the super- 


ions + 


* Abstract of a series of articles published in the Engineer (London) on 
October 25. November 1, 8, 15, 22, 29 and December 6, 1907. 
+ Privy Counselor, Prussian State Railways. 





heated steam; that is, the total heat contained in one pound of 
steam superheated to the temperature t. 

According to the latest researches the specific heat of steam 
is not constant, but varies with the temperature and pressure. 
The mean values for the temperatures and pressures current in 
locomotive practice are shown in the following table: 





PMI 2 oan ckitress Socceknncedstnigan weeisnede 128 156 185 213 
Saturation temperature.................. 354° F 369° F. 381° BF. 392" F 
Specific heat at temperature 392° F. .597 635 ” yo ae ee 
r = , 482° F. 552 .570 .588 -609 
572° F. 530 541 .550 561 

662° F. 522 529 536 543 





The heat requirements of the superheater are not limited to 
the amount W, necessary for supplying the actual superheat, but 
must be supplemented by the quantity for evaporating particles 
of water mechanically carried into the superheater. Assuming 
a degree of humidity in the boiler steam of 7 per cent., which for 
ordinary locomotive working conditions is certainly not exces- 
sive, the heat demand for the production of one pound of steam 
at 170 Ibs. pressure and 572 degs. F., temperature from the heat- 
ing surface of the boiler and superheater, will be as follows: 





From the boiler surface :— a a 
03. 4D. Gry saturated steam: .O8 X 1,198:8 2.655 koe icec cece 1,111 
.07 Ib. water at saturation temp. = .07 X 340.5 =.............. 24 
1,135 

From the superheater :—- . 
Evaporation of .07 lb. water at 368.38° F = .07 XK 853.8 =...... 60 
Superheating, 1 lb. dry steam by 204° = .541 X 204 =.......... 110 
Total heat required for 1 lb. of hot steam —.................. 1,305 


of which 170 or 13 per cert is required from the superheater. 


Assuming that 40 per cent. of the total heat is developed in the 
fire-box and 60 per cent in the tubes, the superheating surface 


would therefore be 13 per cent. of 60 or 22 per cent. of the total 


tube surface, and when it is further considered that the best part 
of this surface nearest to the back tube sheet is unavailable it is 
readily understood that in order to obtain a sufficient superheat, 
from 25 to 30 per cent. of the total tube surface of the boiler 
must be appropriated to that use. 

It by no means follows that the superheating surface is direct- 
ly proportional to the degree of superheat, since to require half 
of the heat, or to say 473 degs. F., considerably more work is 
called for than will be furnished by a superheater of only half 
the heating surface. 

Generation of Superheated Steam.—The valuable property 01 
poor thermal conductivity, characteristic of highly superheated 
steam, is a source of great difficulty in its production. Steam 
with only a moderate superheat is generally mixed with particles 
of water or damp steam, the better conductivity of which will 
rapidly contaminate the whole mixture. In order to supply the 
heat to all parts of the steam it is required that it shall be di- 
vided into numerous thin streams, which by combination with 
multiple reversals of direction will insure the thorough mix- 
ture of the moist and superheated particles. It is very necessary 
that a high temperature difference shall prevail. That is, the 
application of highly heated gases is essential. 

According to the author’s experience an average temperature 
of 570 degs. F. in the steam chest must be obtained in order to 
insure the homogeneity of the superheated steam or its freedom 
from intermixed damp or saturated portions. Repeated trials 
have shown that the coal and water consumption are decidedly 
increased when the temperature falls below that level to any ex- 
tent. 

Having regard to the small available space in a locomotive 
boiler, successful superheating can only be realized by superheat- 
ers complying with the following conditions: 1. Application of a 
sufficiently high temperature in the heating gases. 2. The great- 
est possible sub-division of the superheater surface. 3. Mixing 
the steam currents on their way through the tubes and lengthen- 
ing the passages, so that they are compelled after passing one set 
of tubes to return by another. 4. Guiding and regulating the 

draft of the heating gases. 

Hauling Capacity Increased—In addition to a saving in fuel 
and water a further and more important advantage of super- 
heated steam working is to be found in the notable increased 
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hauling capacity of the engine. In comparative trials of two 
locomotives the superheated engine often showed a saving of 
about 25 per cent. of coal, each doing the same amount of work. 
This locomotive could, however, be harder driven, doing about 
40 per cent. more work than the other engine and would still 
give a coal consumption of 10 per cent. less. The superheat, 
therefore, is to be regarded not merely in the light of saving 25 
to 30 per cent. of the coal but as a certain security against the 
wasteful and objectionable practice of using two engines in 
front of one train. 

Forms of Superheaters—The method of leading the currents, 


both of furnace gases and of steam, is of primary importance in’ 


determining the efficiency of superheaters. Care must be taken 
to protect the tubes from the cutting action of the flame and the 
counter current principle of bringing the coolest steam in con- 
tact with the hottest portion of the flues is essential. The ques- 
tion whether the tubes should be arranged transversely or par- 
allel to the current of hot gases cannot be considered being 
finally settled. The experience with the stationary boilers, how- 
ever, would indicate that the latter is more favorable to regu- 
larity in heating. 

The superheater system must include the largest possible num- 
ber of thick small bore tubes to allow of frequent intermixture 
of the currents, taking care, however, that steam that has already 
been superheated should not be brought into contact with that 
in a damp or saturated condition. 

The velocity of the steam in the superheater must be tolerably 
high in order to prevent overheating the tubes. The upper limit 
of such velocity is determined by the permissible fall in pres- 
sure and is considerably higher than with saturated steam on 
account of the increased fluidity due to the complete gasification. 

Eliminating Condensation—The conditions holding for work- 
ing, with saturated steam, which compel the condensation of con- 
siderable of the entering steam, which is later evaporated and 
passes through the cylinder without doing any work and may 
even, if the piston speed is sufficiently high, remain as water 
in the cylinder, are advantageously moditied when a sufficient 
degree of superheating is adopted. The heat exchanges during 
admission, with superheated steam, take place at the cost of 
the surplus above the saturation temperature, and while the 
steam is somewhat cooled, it is not sufficient to cause condensa- 
tion. The loss of working power, due to the contracted volume 
caused by such cooling, is unimportant. During the exhaust the 
heat demand on the cylinder walls is comparatively small, espe- 
cially when a slight superheat still remains, partly because such 
steam is a poor conductor of heat, and particularly because such 
heat is directly applied to raising the steam temperature and not 
for evaporating water. The use of hot steam, therefore, is at- 
tained with a much smaller heat interchange and the mean 
temperature of the cylinder walls is kept at a higher point. 

It must, however, be borne in mind that it is only by a very 
high initial superheating of the steam that cylinder condensation 
can be prevented during the entire working stroke, and this has 
been objected to on the ground that with such excessive heating 
the superheat is not entirely expended and the exhaust passes 
out at an unnecessarily high temperature. Upon these grounds 
it has been proposed to limit the superheat so that at the end 
of the stroke the exhaust will be in a saturated state. The con- 
stantly varying demands upon both the boiler and engine of a 
locomotive necessitate a considerable margin in the power of 
the superheater above that calculated for normal use and it 
would hardly be satisfactory to design a superheater to give 
this condition. Experiments made by Prof. Seeman on a sta- 
tionary engine show that the heat consumption per indicateu 
horse power fell continuously with each increment of heat of 
the live steam, notwithstanding the higher temperature of the 
exhaust, and although similar experiments have not been car- 
ried out with locomotives, the numerous trials made by the author 
have shown that the greatest economy is invariably obtained with 
the highest steam temperature, notwithstanding the increased 
temperature of the exhaust steam consequent upon-its use. 

In order to utilize the increased working power of the boiler, 
obtained by the addition of the superheater, most completely and 


economically it is not sufficient to merely increase the length of 
the admission in the cylinder above that calculated for saturated 
steam, as the losses due to insufficient expansion and increased 
back pressure will go far to counterbalance the saving. It is 
only by an appropriate enlargement in cylinder diameter that the 
tractive effort, while maintaining an economic figure of admis- 
sion, can be augmented sufficiently to completely utilize the in- 
creased working capacity of the boiler. To realize this the cylin- 
der diameter must be such that the maximum tractive effort is 
obtained with about 45 per cent. admission and the highest 
sustained working with 30 per cent. For minimum admission 20 
per cent. is the lowest permissible, below that point the working 
must be regulated by throttling. 

The conditions with saturated steam are entirely different. In 
order to reduce condensation losses the cylinder dimensions must 
be kept as low as possible, which necessitates a wasteful rate 
of admission when extra power is required, and it is upon this 
difference that the superiority of superheated steam depends. Its 
recognition, as a result of the continuous development of the 
application of superheating in locomotive construction on the 
Prussian State Railways, has led to a progressive enlargement 
of the cylinders. The so-called “characteristic C” of the Prus- 
sian hot steam 2-cylinder locomotives is as follows: 

d* 1 
c= —- 
DR 
where 


d = diameter of cylinder in inches 
1 = length of stroke in inches. 
D = diameter of driving wheels. 
R = load on driving axle in tons. 

This figure lies between 3.9 and 4.7, or considerably higher 
than is customary, or possibly with saturated steam locomotives. 
The boiler pressure is 170 lbs. per sq. in. 

It may be appropriate to mention, in regard to the difficulties 
anticipated by many railway experts, as likely to arise from the 
working parts when continuously running under highly super- 
heated steam, that such difficulties have not, in the large number 
of locomotives now in use, given rise to any practical incon- 
venience. Minor difficulties have been completely overcome, and 
as far back as six years ago forms of pistons, piston valves, and 
stuffing boxes were settled, which have since proven to be per- 
fectly durable under the highest steam pressures. Lubrication 
troubles have been eliminated by the use of oils of a sufficiently 
high flash point combined with a simple method of oiling under 
pressure. 

Economy.—The saving in coal due to the suppression of cyl- 
inder condensation with a simple superheated engine approaches 
about 25 per cent. when compared with that of the saturated 
steam locomotive of the same weight and to 15 or 20 per cent. 
when compared with a two or four cylinder compound. For 
practical locomotive purposes coal consumption alone can be 
relied upon for comparison under present conditions. Rules have 
been given at various times for determining the saving available 
but this was all based on the assumption that the saving in- 
creases uniformly with the superheat, which, however, is not 
borne out by the author's experience, as a notable saving is not 
realized with less than 100 degrees of superheat, and above that 
point it increases very rapidly. 


[Following this Herr Garbe considers the subiect of compounding vs- 
superheating and then discusses the different designs of superheaters ‘and 

es some details of locomotives using superheated steam. The series 
closed with the account of a number of comparative tests. We will publish 
an abstract of these chapters in a later number.—Eb.] 





EXAMINATION FOR APPRENTICE DrartsmMEN, U. S. War Ds- 
PARTMENT.—TLhe U. S. Civil Service Commission announces that - 
an examination will be held on March 4, 1908. at all of the more 
important cities of the United States, to secure eligibles to the 
position of apprentice draftsmen, to fill vacancies in the War 
Department. These positions pay from $30 to $60 a month and 
an apprentice may enter an examination for the position of 
draftsmen, where the salary to start is from $1.000 to $1,200 a 
year. The age limit is from 17 to 21 years. 








AMERICAN ENGINEER AND RAILROAD JOURNAL. 








(Established 1832). 


AMERICAN 
ENGINEER 
RAILROAD JOURNAL. 


PUBLISHED MONTHLY 


BY 





R. M. VAN ARSDALE 
J. S. BONSALL, 
Business Manager. 
140 NASSAU STREET, NEW YORK 





R. V. WRIGHT, 


Editors. 
E. A. AVERILL, 

















MARCH, 1908 
Subscriptions.—$2.00 a year for the United States and Canada; $2.50 u 
year to Foreign Countries embraced in the Umsversal Postal Union. 

Remit by Express Money Order, Draft or Post Office Order. 
Subscription for this paper will be received and copies kept for sale by the 
Post Office News Co., 217 Dearborn St., Chicago, Ill. 
Damrell & Upham, 283 Washington St., Boston, Mass. 
Philip Roeder, 807 North Fourth St., St. Louis, Mo. 
R. S. Davis & Co., 346 Fifth Ave., Pittsburg, Pa. 
Century News Co., 6 Third St., S. Minneapolis, Minn. 
W. Dawson & Sons, Ltd., Cannon St., Bream’s Buildings, Lon- 
don, E. C., England. 








Advertisements.—Nothing will be inserted in this journal for pay, 
EXCEPT IN THE ADVERTISING PAGES. The reading pages will contain 
only such matter as we consider of interest to our readers. 





Contributions.—Articles relating to Motive Power Department prob. 
lems, including the design, construction, maintenance and operation of 
rolling stock, also of shops and roundhouses and their equipment are 
desired. Also early notices of official changes, and additions of new 
equipment for the road or the shop, by purchase or construction, 





Subscribers.—The AMERICAN ENGINEER AND RAILROAD JOURNAL fs 
mailed regularly to every subscriber each month. Any subscriber who 
fails to receive his paper ought at once to notify the postmaster at the 
office of delivery, and in case the paper is not then obtained this office 
should be notified, so that the missing paper may be supplied. 





When a Subseriber changes his address he should notify this 
office at once, so that the paper may be sent to the proper destination. 


CONTENTS 
Steel Passenger Equipment, C. E. Barba and Marvin Singer......... 81* 
Locomotive Smoke Stacks, by W. E. Johnson...............eseee00% 85* 


eC ee a wi ccbineecie Valsaesaceee 85 
G8 rhe 5c ie 0a win kaso OX sain ewig: died 4mm 6s 85 
EE PUR IRIN MR SSRIMNON Gs 5.5 5.5.4 G55 9,0 wo Win debe 40 tale Rb ee oes 87 
NN AS occ aa Loa ww ds ng his 6.0.08 wie 0 0 v8 'A'oi6 & Sis 0-8: 87 


Walschaert Valve Gear for Pacific Type Locomotives............... 89* 
EE rr a ar re 90 
Handling Locomotive Suppiies, by E. Fish Ensie................... 90 
a eee eect amr, Co BRE OP NJ. snc cte cece cwacccesecs 95* 
Lubrication of Air Compressor and Pneumatic Tools................ 97 
Electric Pneumatic Brake for Railway Trains..................000- 97 
Dopepentine Tccomotive Construction +o p4...55 6 cece eccccscccevess 97 
Superheated Steam tor Lcecomotives, by Robert Garbe.............. 98 
Examination for Apprentice Draftsmen, U. S. War Department...... 99 
en ES SEN NEE MODE 6 oc bo 550.0. 0, alo v's b vw bp dice 0.06 ewes 100 
rr rr cei SOIR. U.. . o's cin cies np dices ed ewewsevweeess 100 
ee EM 16D ns ois a's ote cole hb web. s <ousiwedce s'se.eisie 101 
a gE as © aicnlsics & Areiebélal's lw Aveo 'O0"S op he oi. w wie’ 101 
Practical Work in Connection with College Training, C. H. Benjamin 101 
4-Cylinder Simpe Locomotive, Chas. S. Lake................e0 eee 102* 
ee tL AO NCR IO | ons bain tine s occ bbact eee éaeevd 104 
ER SNE ROMNNG Sola 5s 'eie'c(v1eec obs ows wepelliédeewaisieesé 106 
Coston power per Brake Horse Power... ....5..5.. 02 cece esac ceccess 106 
Gasolene Electric Motor Car, General Electric Co...............0... 107* 
Coefficient of Friction Betwcen Wheels. and Rails, Geo. L. Fowler.... 109* 
Power Plant for Electric Driven Pumping Station.................. 111 
I I EE EOIN CBOE org 05 ics Gus 0.6 4:50.06... 0in wis d.jc'e Sv'be wea'e fee 111 
Traveling Engineers’ Association, Subjects...............0c0eeeeeee 111 
Electrical Night at New York Railroad Club..................0008. 111 
Locomotives with Low Boiler Pressure and Smoke Box Superheaters, 
I US ge Sas aw bbw’ s lec tes Sew wie es oman 112* 
Vanadium in Cast Iron, by Dr. Moldenke.................ccccccee. 115 
eee en PPR OCLPE EES OE OPE TOE Te Teer 116 
nn OE TON PEGCRINT:, 30), 5 10's \.0 0c, 6 i050 0ic'bie ae w'eieleieas'ece 116 
I a AG Saal ie si ki clade ho bisa Ph bod bw waleniae sie 116 
Issue of Patents Four Weeks from Allowance.............-..0000- 116 
Single Bar Boring Machine for Multiple Cylinders, by E. J. Me- 
I ee ae a nace KS eek CaN eas oe Oe Sos as ada dpwe hes ad 
ES ORME 54 c.5 is: nin pon 'od 3p Vein Kee Gwe ob eeedwascsaes 118* 
Re cra thetic a. inc cas tl Sills ota ad's wiGas MIRE opi > Dw apie MAR Dep 118 
a een, CL, eo cb ba ay 640 bE nipic nels chs bd aS iokw che ase 119 
RE ES TEE ITER IE eof OP Ce CC en SG ine ee em are 119 


* Illustrated. 





A resolution was passed at the last meeting of the New York ' 
Railroad Club requesting the committee on subjects of the M. C. 
B. Association to bring the subject of standardization of parts 
of all steel cars up for consideration at the convention. This 
resolution grew out of the recommendation in Mr. A. M. Waitt’s 
paper, and while the suggestion is not by any means new, it ap- 
pears as if the time had arrived when some real action could be 
taken upon it. 


The desirability of such standards is being more thoroughly 
appreciated as steel cars are becoming more numerous. When 
a steel car is damaged sufficiently to require it to be sent to the 
repair yards of a foreign road, it usually is in a condition to 
need some new parts and if, as is often the case, it differs greatly 
from the cars on the road doing the repairing, the delay in ob- 
taining the proper shaped and sized parts is very serious and 
most aggravating to all concerned. 


SUPERHEATERS. 


Herr Robert Garbe, privy counsellor of the Prussian State 
Railways, has probably had a longer and more thoroughly prac- 
tical experience with locomotive superheaters than any other rail- 
way man on either continent. While his published works give in 
great detail the results of his observations on locomotives. and 
locomotive appliances, a series of articles which he recently con- 
tributed to the Engineer (London) on the subject of the appli- 
cation of highly superheated steam to locomotives, presented the 
matter connected with superheated steam in a comparatively brief 
and very clear-cut manner. These articles give the author’s ideas 
on each separate phase of the subject and briefly recount reasons 
for his deductions. An abstract of part of this series of articles 
is given in this issue for the benefit of such of our readers as do 
not have access to the Engineer. 


It will be seen that Herr Garbe does not consider steam to be 
superheated in the real sense until it is at least 180 degrees F. 
above the saturation temperature for the pressure. His experience 
has shown that below this point there is a very rapid falling off 
in the advantages to be gained. The fact mentioned, that a loco- 
motive on the Prussian State Railways with steam superheated 
to this temperature was capable of developing 40 per cent. more 
power than a similar sized saturated steam compound locomotive, 
which power was obtained with to per cent. less fuel consumption, 
is a feature which is worthy of the most careful consideration. 


DESIGN OF WALSCHAERT VALVE GEAR. 

The Walschaert valve gear has passed through its trial period 
in this country and is now being generally applied to all middle 
and heavy weight power. There is no need to recount its ad- 
vantages, as they are now too well known to every one to require 
comment. There is need, however, for our locomotive designers 
and draftsmen to give special heed to the details of this gear, as 
they will no doubt be required to design it for application to 
practically all types of locomotives. 

As is natural in applying an entirely new arrangement, the 
first attempts left considerable to be desired. Although the 
Walschaert valve gear had been in use abroad for a great many 
years, and its details there have been fully perfected, that fact 
proved to be of small value to us and the first attempts, based 
largely on foreign practice, were not altogether suited to our con- 
ditions. It has been necessary to strengthen, stiffen and simplify 
each successive application as the weak points have been devel- 
oped by the very hard service under American conditions, intensi- 
fied by serious traffic congestion. We believe now, however, that 
this period has passed and the present designs of this gear being 
applied have eliminated all of the serious shortcomings and can 
safely be taken as a basis and guide for the evolving of designs 
in the railroad drafting rooms. In this issue we are giving most 
of the important details of two different- designs of the gear, one 
from each of the larger locomotive companies, both of which we 
believe to be good examples. In an earlier number we gave 
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similar details from a design on the Canadian Pacific Railway, in 
which it replaced the Stephenson gear on a standard locomotive, 
which conditions introduced many difficulties not present when 
the whole locomotive is being designed. 

The three most important features of this type of gear, after 
the general arrangement has been laid out to give the best move- 
ment of the valve, are found in the necessity for providing as 
rigid a support as possible, in the provision for reducing wear 
to a minimum, and in providing sufficient lubrication at every 
point. 





VANADIUM IN CAST IRON. 








The improvement in the quality of steel by the addition of a 
small amount of vanadium has been given a great deal of at- 
tention by metallurgists and steel makers during the past year 
and the increased strength and non-fatiguing qualities of this 
material are now pretty generally known. There has not, how- 
ever, appeared very much information concerning its effect on 
cast iron. It is but fair to assume that the action of vanadium 
on cast iron would be very similar to that on steel and if that 
actually proves to be the case, as seems evident, the field for im- 
provement will be greatly extended. About the only figures from 
tests on cast iron that have come to our attention are found in 
a paper by Mr. Richard Moldenke, secretary of the American 
Foundrymen’s Association, which are given in abstract on page 
115 of this issue. While these are somewhat preliminary ex- 
periments they show that it is possible to increase the breaking 
strength of good machinery iron from 2,000 to 2,500 lbs. and 
of white iron from 1,500 to 3,900 lbs. These, of course, are 
wonderful results and if but one-half of the improvement can 
be obtained in regular foundry practice, the value to railroads 
and manufacturers will be exceedingly great. The largest field 
of usefulness of such iron would seem to be the cast iron wheel 
where, in spite of the recent increase in the thickness of the 
flange, there is still much room for improvement. Its possibilities 
in connection with locomotive cylinders, valve bushings and 
rings are also very attractive, as experience seems to indicate 
that the wearing qualities and the ability to take a high glazed 
finish while at the same time being soft and easy to machine, 
are present to a remarkable degree. Experiments in this field 
are now being carried on by one of the locomotive companies. 
Ferro-vanadium in commercial shape ready for use in the 
foundry can now be obtained in practically unlimited quantities 
and at ‘a price which will not prohibit its very general use. 


A very costly conflagration occurred recently at one of our 
latest and best equipped locomotive terminal plants, in which the 
fire started in a shop structure between the two roundhouses and 
spread with great rapidity to the roofs ofthe latter. At this 
time both houses were filled with locomotives, some of which 
were under steam, and the final result was that sixteen locomo- 
tives were destroyed as far as fire can destroy them. Although 
this fire spread with unusual rapidity there was time to have 
saved a good portion of these engines had it not been for the fact 
that both turn-tables were put out of commission within a few 
minutes after the fire started. These turn-tables were driven 
by electric motors and obtained their power from wires which 
were run along with the lighting and other power circuits, on a 
row of short supports on the roof of the houses. These roofs 
being of wood soon caught fire, the wires were melted, and the 
operation of the turn-tables stopped. 


This is not an unusual condition in roundhouses operated by 
electric turn-tables and is one which should be immediately cor- 
rected at all points. It is a simple matter to put the wires run- 
ning to these turn-tables and motors underground and at the 
same time that this is being done a motor driven capstan or reel 
should be provided on each turn-table, so that in case of fire, 
engines which are not under steam could be drawn on to the 
table. This arrangement would also, no doubt, prove to be very 
valuable at other times for moving dead engines, tanks, etc. 


PRACTICAL WORK IN CONNECTION WITH COLLEGE 


TRAINING. 
To the Editor: 


I have read with much interest the editorial in your January 
number, entitled, “Practical Work in Connection with College 
Training.” My own experience has shown me the importance of 
work in the shop, or office, as a preliminary to teaching, or execu- 
tive work. I have found the lessons learned during the five years 
which I spent as a machinist, before and after entering college, 
of almost incalculable benefit. An interregnum of three years in 
my college work, when [ was assistant manager of a large manu- 
facturing company in the east, opened up ancther field of valu- 
able experience. I believe the fact is coming to be more generally 
recognized, that one who is teaching or leading young men along 
the ways of engineering should have traveled those ways with 
his own feet. 

This is a natural reaction from the old idea of the college pro- 
fessor who was necessarily an indoor plant carefully kept from 
exposure to the rude blasts of the practical and business world. 
Nearly all of the engineering teachers at the Case School, and 
of those with whom I am acquainted here, have tegular outside 
work in addition to their college duties and are employed as 
consulting engineers and experts with full recognition of their 
qualifications for such work. When there is this feeling in the 
engineering faculty, it is pretty sure to be communicated to the 
student body, giving a stimulus there towards good, sound, prac- 
tical training. 

I know that the majority of the students at the Case School, 
especially in the upper classes, found practical employment dur- 
ing vacations in shops and offices, as far as was possible, and 
that many of the men entering the institution were already good 
workmen in either wood or Since reading your editorial, 
I have been interested in getting statistics with regard to the 
class which graduated here in 1907 and I enclose a list showing 


iron. 


CLASS OF 1907. 
Nameer th Citgeis nc ccaccees 
Number having had practical experience... ......cccccccccccccccceecse 65 
Number of years experience: 

fg 8. Arr eer ry ieee ree err ree or 

WR oasas. cdwanin ds bilo e ahd a edatongaleemeweacn eee 
6 years 
& yeare ....... 
ONG ene cus 
ON Sekeweneneds 
eo. : Peres eae 
1 year and over..... 
+ months and over... 
Nature of practical experience: 
Shop and drafting root 
Drafting 
Railway shops 
Teaching and 
I i dina kine cwaccieaneddu ken cmenedecededgadeaearene 
Other occupations, each represented by one student, were as follows: 
Machinist; concrete inspector; chemical laboratory; engineer, draftsman and 
telegraph operator; telephone work; bridge work and concrete construction; 
chemist; farming; manutacturing; lumber mill; bookkeeper; mail clerk, 
machinist, helper and farm hand; locomotive firing, drafting and farming; 


~_ 


farming 


2 


clerk; automobile work; civil work and shop; test department; shop and 
farming: shop and power plant; ranching. 
the total number and the record of outside experience. ‘There are 


two or three in the list who would not be regarded as having 
had experience which would be particularly helpful in the line of 
the profession, but the great majority have used their opportuni- 
ties wisely. 

A card index is kept of the Seniors and these figures are made 
up from the statements of the students themselves. I have no 
reason to doubt their reliability, and they show a state of things 
quite similar to that at Cornell. These men were mechanical engi- 
neers, but I have no doubt that a somewhat similar record could 
be made for those in the other engineering schools. 

I well remember an address delivered by the late Professor 
Thurston, at one of the Case School commencements, in which 
he strongly advised the graduating class to take at least one year 
of postgraduate work. He concluded by saying: “TI do not mean 
another year in college, but I mean for you to put on your 
jumpers and overalls and spend at least one year in contact with 
actual things in the shop.” C. H. Benjamin. 

Purdue University, Lafayette, Indiana. 
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FOUR CYLINDER SIMPLE LOCOMOTIVE—GREAT NORTHERN RAILWAY OF ENGLANL. 


FOUR CYLINDER SIMPLE LOCOMOTIVE. 





Great NorTHERN Raitway (ENGLAND). 





Cuas. S. Lake, A. M. I. MEcH. E. 


Among British railways the Great Northern is by far the 
largest user of the Atlantic (4-4-2) type of locomotive and to 
Mr. H. A. Ivatt, locomotive superintendent of that road, be- 
longs the credit of having been the first to introduce the type 
in the United Kingdom. 

This was in 1898, at a time when all other locomotive engi- 
neers in Great Britain were striving their utmost to retain the 
eight-wheeled, “American type” engine in the front rank for 
express passenger traffic working. Mr. Ivatt numbered his first 
Atlantic locomotive “g90” and gave it two simple cyiinders 
1834 in. diameter by 24 in. stroke, coupled wheels 6 ft. 8 in. 
diameter, total heating surface 1,442 sq. ft. Grate area 26 sq. ft. 
and working pressure 175 lbs. per square inch. Although, judged 
from the locomotive standards of the United States, this would 
be considered a small engine, it nevertheless created a great im- 
pression in English railway circles at the time, princ’pally, 
of course, on account of the departure which had been made 
from previous practice in the matter of type. The standard 
express locomotive of the largest class on the English Great 
Northern Railway at the present time is that known as the 
“251” class; simple, Atlantic type, with 5 ft. 6 in. diameter boiler 
and wide firebox, having a total heating surface of 2,500 sq. ft. 
and 30.9 sq. ft. of grate area. The proportions of the cylinders, 
wheels, etc., remain as in the “g90” engines, which appear above. 

One locomotive belonging to the “990” series and also one of 
the “25:” engines have been built with four cylinders. In the 


first case the cylinders work single-expansion and in the second 
they are compounded. Engine No. 271 with four simple cylinders 
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ELEVATIONS OF FOUR CYLINDER SIMPLE 


is, by Mr. Ivatt’s courtesy, illustrated herewith. It is the only At- 
lantic locomotive in use on the Great Northern in which the for- 
ward coupled axle is exclusively employed for driving purposes. 
When this engine was first built, viz., in 1902, it was fitted with 
two sets of Stephenson link-motion only, for working the four 
slide-valves, which were of the piston type, and it ran in that con- 
dition for a considerable time. Later, in 1905, it was taken 
into the Doncaster shops of the G. N. Company and fitted with 
new cylinders having their valve chests above and independent 
valve motion for each valve. 

The accompanying photographs and drawings show the en- 
gine as altered and at present running. The cylinders are cast 
in pairs together with their valve chests and passages, and are 
arranged in line across the truck center, the inside ones driv- 
ing the crank-axle and the outside ones crank-pins in the leading 
drivers. 

The slide-valves are of the open-backed, balanced type allow- 
ing of a free passage for the exhaust and thus reducing the 
tendency towards back-pressure at high speeds. The slide-valves 
of the inside cylinders are worked by Stephenson link-motion 
through rocker arms and those of the outside cylinders by the 
Walschaert’s gear. Two reversing shafts are provided, one for 
the Stephenson gears and the other for the Walschaeft, the 
same reach rod, screw, and handwheel, however, operating all 
four gears. The reversing shaft of the inside valve motion 
carries a coiled spring instead of the usual counterweights for 
neutralizing the weight of the link and its attachments. 

The inside and outside cranks on each side of the engine are 
set 180 degrees apart and at 90 degrees in relation to the oppo- 
site pair of cranks, so that the two pistons on each side are 
always moving in opposite directions and there is a crank pin on 
every quarter. The main-rods are all of equal length, viz., 5 ft. 
9% in. between centers and the throw of all cranks is 10 in. The 
crank-axle has journals 9 in. long by 8% in. diameter and its 
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diameter at the central portion, between the two inside crank 
webs, is 7 in. 

The crank webs are of the circular or disc pattern, with a di- 
ameter of 1 ft. 834 in. and a uniform thickness of 4 in. The 
distance between centers of journals is 3 ft. 9% in. and between 
centers of inside crank pins 2 ft.. % in. The distance between 
centers of inside cylinders is 2 ft. % in. and the corresponding 
dimension for the outside cylinders is 6 ft. 7% in. 

The front engine truck is of the swing-link fype and lateral 
play is provided in the horn cheeks and boxes of the carrying 
wheels under the foot-plate which, unlike all the other wheels 
of the engine, have outside framing and axle boxes. 
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ELEVATION OF INSIDE CYLINDERS AND VALVE GEAR. 
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The cylinder area of this engine is equal to that of two 21%4-in. 
diameter cylinders and the tractive effort is 113 lbs. to every 1 
lb. of effective steam pressure on the pistons. 

The boiler barrel and firebox outer shell are built of steel 
throughout and the interior firebox is of copper, radial stayed, 
with three expansion rows at the throat plate end of the crown 
sheet. 

The front tube sheet is recessed back into the barrel for a dis- 
tance of 1 ft. 1114 in. from the forward extremity of the barrel. 
The boiler has a diameter outside of 4 ft. 8 in. and a length 
between tube plates of 14 ft. It is mounted with its axis 8 ft. 
1% in. above rail level. The top of 





the firebox outer shell is semi-circu- 
lar in shape and the extreme length 
over the firebox casing is 8 ft. The 
tender is of the Great Northern 
standard pattern on six 4-ft. 2-in. 
diameter wheels. It is fitted with 
yater scoop actuated on Mr. Ivatt’s 
patent hydraulic principle and car- 
ries 5 tons of coal and 3,670 gallons 
of water. 








The engine is employed for work- 
ing express passenger traffic on the 
Great Northern main line whereon 
speeds rule high and train weights, 
in the principal services, are unusual- 
ly heavy for British railways. It has 
given every satisfaction in working, 
but no further locomotives of the 
same type have yet been built. The 
writer has had frequent opportuni- 
ties for noting the performance of 
No. 271 and has invariably found 
the engine renders good service even 
with the fastest and heaviest trains. 
sults are obtained than from the larger 
Atlantic type engines of the “251” which are, of course, 
more economical to maintain owing to their fewer parts. The 
coal consumption is about the same in both cases, but No. 271, 
as might be expected, uses more oil than its two-cylinder con- 
temporaries. 

The leading dimensions are as follows: 


VIEW 


Still, no 
boilered 


better re- 
two-cylinder 
class, 


GENERAL DATA. 
Sete t Doo EC Get hs Ska ce sah un was ks Se ease keane ee ee 4 ft. 8% in. 
PE DRC el eed yeh wank hos 0450544644 ONS 000069504545 05 454 50S Passenger 
Mohs hnee ch se ages Ses eh e Sh tsa nee's e600 5seecaetesee cons Bit. coal 
ee cL. \aeee nana eas asses Go see eae he a oie 16,800 Ibs. 
et ee MM WNUIET ss 65 cb 200 00 sons besa os endsnsdedeces 138,880 Ibs. 
i Es ccna ceases ee Nee seb eessdeeneesteueeeaws 79,520 Ibs. 
er re oo bas ens sSudeaeeeenesaceun anes Se 34,720 Ibs. 
I NEY INN 610 w 6 isu ci0 0wen 0000455040 ube 60h 58 Sic 24,640 lbs. 


THE ERA OF STEEL IN CAR CONSTRUCTION. 


Mr. Arthur M. Waitt presented a very interesting and com- 
prehensive paper on the subject of “The Era of Steel and the 
Passing of Wood in Car Construction” 
ing of the New York Railroad Club. 
brief review of the history 
of its length of life, following which were some very striking 
figures on the growing shortness of the lumber supply, the in- 
being felt. Following this Mr. 


before the January meet- 
The paper opened with a 


of the steel car and a consideration 


fluence of which is even now 
Waitt spoke in part as follows: 

“At the present time there are three distinctly different the- 
ories and systems in connection with the design for steel cars, 
each supported by able advocates. With one system the design- 
ers endeavor to carry the load on the side sills, using the center 
sills for buffing only. Another school of design endeavors to 
distribute the load nearly equally over all the sills. This design 
necessitates a somewhat heavier construction of car than the 
former. The third school of designers, which have the support 
of several car builders, endeavor f carry the load largely on the 
center sills, which are made very deep (even up to thirty inches) ; 
the center sills thereby not only carry the load but are also ex- 


ceptionally strong to resist buffing. 
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SHOWING VALVE GEAR—FOUR CYLINDER SIMPLE LOCOMOTIVE. 
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“With the rapid introduction of steel car framing and its per- 
manence in future practice, it seems at this time desirable as far 
as possible to eliminate the present great diversity of designs; 
for such diversity makes it impossible to keep the necessary parts 
repairs in the shops and repair yards 
of the various roads in the country. Not only is it desirable to 
simplify and eliminate this great diversity of design, but there 


in stock, for interchange 


are also many strong arguments for working toward a body 
framing in freight cars, which will permit of an underframing 
that is interchangeable for box cars, gondolas and flat cars. The 
system of body framing which carries the load largely on the 
center sills seems to have a basis which will readily make it pos- 
sible to have the body framing interchangeable as above sug- 
gested. 

“Much has been done in years past toward unifying and sim- 
plifying the design of wooden cars, and it would seem that suf- 
ficient experience has now been had with cars of all-metal con- 
struction, or at least of all-metal underframing, to warrant a de- 
termined step toward standardizing. 

“It would seem desirable for the Master Car Builders’ Asso- 
ciation to devote considerable attention in the near future to 
eliminating these great differences in design and the unneces- 
sary multiplicity of parts, and to lend its influenee through its 
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recommendations toward greater uniformity in sizes and greater 
simplicity in design. 

“It seems perfectly feasible at this time to adopt as recom- 
mended practice and later as standards some rolled and pressed 
sections, at least in the main members of the body framing. A 
move in this direction would before long be felt in increased 
simplicity and economy in interchange repairs. It would seem 
even possible at this time to adopt standards in lengths and 
widths for steel box, gondolas and flat cars, and then as a natural 
sequence many standard shapes and sizes would follow. It would 
also be practicable to standardize many of the rolled sections for 
angles and channels which are used in the superstructure of 
many styles of cars now being constructed. 

“In freight and in passenger car construction during the de- 
velopment period in the past the cars were strengthened where 
found necessary and all sorts of makeshift methods and devices, 
such as truss rods, flitch plates, and the introduction of malle- 
able for cast iron were made use of. All this was done to make 
the car stand up in service, with their increasing size, and the 
increased severity of the work imposed upon them. All these 
expedients proved ineffectual and unsatisfactory, and at this time 
the needs of our present-day service can only be met by a car 
with a steel body framing. 


“During the past year one prominent road in the country has 
designed and constructed box cars with not only a steel under- 
framing but also with a steel superstructure. 
attempt to further develop ‘the era of steel’ for car construc- 
tion, but the practice is one which would seem to be open to de- 
cided doubt as to the entirely satisfactory results that will be 
obtained in service. On first impression the observer might as- 
sume from the description or examination of the all-steel box 
car that it was in every way a decided advance step. It is to 
be hoped that railroads will very carefully consider the history 
of steel box cars both abroad as well as at home before going 
very heavily into their construction. 

“In the construction of gondolas and flat cars, except where 
such cars are likely to be used in service for hot cinders, hot 
billets, or some similar lading, it would seem to the writer the 
wisest policy to use a wooden flooring rather than steel. 

“With now some ten years of extensive use of steel under- 
frame and all-steel freight cars the earlier arguments in favor 
of their almost universal adoption have been strengthened and 
broadened. Even if the lumber supply was likely to be ample 
in the future, there can be little justification in perpetuating the 
wooden car, either by large continued expenditures for the main- 
tenance of light capacity cars or by ordering cars with a wooden 
body framing for present or future use. 


“In a paper read before the New England Railroad Club in 
1904 by Mr. John H. MacEnulty, the writer stated that: ‘It has 
been determined by two of the largest railway systems of the 
country that the drawbar pull required to move a ton of freight 
in a properly constructed car of 100,000 lbs. capacity is 24 per 
cent. less than that required to move the same load in an aver- 
age wooden car of 60,000 pounds capacity.’ 

“This is not only a strong argument in favor of steel car con- 
struction, but also for the use of large capacity cars. 

“Ease of renewal of the worn or broken parts in cars of steel 
construction is a feature of considerable advantage in favor of 
such cars as compared with those made of wood. 


“Another great advantage from the use of steel cars or cars 
with steel underframe in freight service is developed when trains 
are wrecked; for steel cars in wrecks withstand successfully pun- 
ishment which would mean the total destruction of wooden cars. 
It has been found that the parts bent or torn in damaged steel 
cars can be readily renewed or put back in their original shape at 
a comparatively reasonable cost. 

“Wooden cars are damaged yearly in large numbers to an ex- 
tent which makes them unfit for service and not worth repair- 
ing. With steel cars such a condition is practically impossible.” 

“The cost of steel cars per ton of hauling capacity in general 
is less than with wooden cars. In wooden cars of high capacity 
: it is found that the ratio of light weight to the carrying capacity 


This is a daring: 


is altogether too high for comparison with steel cars, if viewed 
from the basis of economy in operation. 

“In cost of maintenance the steel car has a decided advantage. 
In meeting the requirements of service in the operating depart- 
ment again the steel car is decidedly the favorite. Steel cars are 
so much less liable to damage in service that in many cases 
where a wooden car would be rendered unfit to continue in use, 
a steel car will be free from any serious defects and will con- 
tinue as a money earner and not become a money loser. 

“The life of wooden cars built to-day must necessarily be 
shorter than those built fifteen years ago, for at the present time 
it is impossible to get lumber anywhere approaching in quality 
that which was required in first-class freight cars in 1892. 

“Trains are now frequently being made up containing from 
sixty to eighty or more heavily loaded cars, weighing from 3,000 
to 4,000 tons, and the severe service and strains to which the 
cars are subjected make the cost of necessary repairs to the 
wooden cars increase constantly. On roads having such heavy 
traffic and handling such long trains, or whose cars are likely 
to be handled in such trains, they can ill afford to spend much 
money for the heavy repairs and maintenance of wooden freight 
cars of under 60,000 pounds capacity, and it is clearly no longer 
profitable to build such cars, which are necessarily too lightly 
framed to operate in conjunction with the heavy capacity steel 
car. 

“As showing the conclusions arrived at, on one of the promi- 
nent railway systems of the country, the writer has before him 
the report and recommendations made to the chief executive 
officer of the company at a recent date. The report recommends 
the retiring of 4,600 coal and coke cars ranging from nine to 
twenty-three years in age, and having from 40,000 to 60,000 
pounds capacity. 

“It was shown that these cars average a cost of $95.98 per year 
for repairs, or 37.8 per cent. of the average total value of the 
cars. The tonnage of these cars being compared with tonnage 
of new steel cars which have been used by the company in large 
numbers, when considered in connection with the first cost and 
the cost of maintenance of steel cars, and based on experience, 
showed conclusively that the company could buy 3,000 new steel 
cars having a total capacity 20 per cent. greater than that of 
the 4,600 wooden cars, and out of the amount that it would cost 
to maintain the wooden cars for one year they could pay 6 per 
cent. interest on the cost price of the new steel cars and have 
remaining over $215,000. A desire for the greatest economy for® 
the owners of the roads will assure the substitution of a lesser 
number of larger capacity steel cars for old light capacity wood- 
en ones. 

“Although steel underframing and practically all-steel con- 
struction has been used for a number of years for about all of 
the various types of freight equipment, yet it is only during the 
past three years that much has been done in this country to 
adapt such construction to the various styles of passenger equip- 
ment. 

“Very satisfactory designs have been developed for baggage 
and postal cars, as well as for suburban and regular passenger 
service, and within the past year also for Pullman sleepers. It 
is yet too early to predict the outcome, but it seems to the writer 
that in future development of the design for steel passenger 
equipment cars there may be a happy medium arrived at, and 
generally adopted, where the underframes and the superstructure 
framing will be of metal, but a reasonable use be made of wood 
or some fireproof substitute, other than metal, which will per- 
mit of a decorative treatment that is more pleasing to the eye 
than is the case where thin metal is used, and which will also 
have all of the reasonable and necessary elements of safety for 
those who entrust their lives in such cars. 

“In the early days of steel cars the matter of repairs was 
looked upon with many misgivings by the average master car 
builder and car repair foreman. Experience in handling these 
cars in large numbers has shown that there was no cause for any 
uneasiness on this score. In the repairs of steel cars it is not 
necessary to employ specially trained labor, and very few extra 
tools or facilities are absolutely necessary, though, of course, a 
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few especially adapted tools and appliances will greatly facilitate 

the work. On roads having large numbers of steel cars in ser- 

vice it has been found that not more than one-half of one per 
cent. of this equipment need be out of service at any one time, 
needing repairs, while in the case of wooden cars from two to 

four per cent. is not unusual.” . 

Mr. G. R. Henderson, in discussing the paper, and referring 
particularly to the design of steel car mentioned, which carries 
all of the load on the center sill, said in part: “This must de- 
pend very largely upon the type of car. Where we have a car 
with sides eight feet high there is a great strength available 
to support the load. I think under conditions like that it would 
be manifestly unwise to design our cars so that the entire load is 
carried on the center sills. 

“When you consider a hopper car with the deep bolster pos- 
sible, you will see that there is no difficulty whatever in trans- 
ferring the strain from the side sill to the center plate of the 
car. In other words, the design of the car should be made ac- 
cording to the service for which it is intended. 

“T think that this Club should initiate some action toward uni- 
fying the construction of steel cars. I do not know of any better 
way than for this Club to suggest this subject to the Master Car 
Builders’ Association committee as subjects for action at the 
meeting of the Association next summer. 

“It is important that the standard sizes be amply strong. I 
would like to read the specifications for sills of fifty-ton steel 
hopper and flat cars which I prepared some time ago. 

“For hoppers, the body is to be proportioned for carrying 
125,000 pounds uniformly distributed between bolsters, in ad- 
dition to the dead weight of the car. 

“For flat cars the sills are to be proportioned for carrying 
125,000 pounds uniformly distributed in addition to the dead 
weight and also for 75,000 pounds concentrated on a line across 
the car at any point between the bolsters, the side sills being con- 
sidered as carrying the same proportion of load as the center 
sills, to allow for concentrated applications in loading heavy 
objects. 

“In both types of cars the center sills and draft attachments 
must be proportioned for a force of 100,000 pounds pulling, and 
200,000 pounds buffing and strains due to either or both the hori- 
zontal forces and the vertical loading combined must not exceed 
12,000 pounds per square inch in tension (net section), or 12,000 
— l/r in compression where 1 = the length and r = radius of 
“gyration both in inches. The maximum rivet shear must not 
exceed 8,000 pounds per square inch, and the rivet bearing 16,000 
pounds per square inch. 

“T would merely call attention to the fact that some years ago 
there were wooden hoppers of thirty-ton capacity which, I think, 
weighed about 30,000 pounds. Now, if you take the present de- 
signs, you will find that they run about 40,000 pounds, so that 
with the one-third more weight per car we get two-thirds more 
carrying capacity. I think that is well worth the extra expense, 
when you take into consideration a great many other points in 
favor of the larger cars. 

“In the early part of last year we obtained bids on steel cars 
and the prices ran a little less than three cents per pound. You 
can get very little structural steel erected for less than four 
cents a pound, and even at that price very few people would 
think of putting up a wooden building nowadays. In the long 
run the saving on the steel car is certainly very large and it 
seems to me that it is perfectly logical that the railroad com- 
panies should put up steel cars rather than to continue their old 
wooden cars on side tracks and hold them there for months for 
repairs.” 

Mr. W. R. McKeen, Jr., in a written discussion included some 
very interesting recommendations as follows: 

“Personally I consider it a mistake to build any more wooden 
freight or passenger cars. Having decided to use steel for car 
structures it is a mistake to use the same methods and designs 
of framing and to maintain the general exterior and interior 
appearances of the wooden car. 

“The design of steel car should be consistent with the mate- 
rial used, the idea being to obtain the maximum efficiency of the 
steel as a structural material. The character of material steel 


being so entirely different from that of wood, a great many ad- 
vantages and possibilities are obtainable in a steel car design 
which were impossible with wooden cars. Because steel is used 
for cars, is no reason why there should be a material increase 
in weight; my opinion is that it should decrease the weight.” 

Suggestions for steel passenger car structures: 

“Round roof, with its strength, economical features of weight 
and construction. 

“Induced or mechanical ventilation obsoleting the gravity sys- 
tem; providing intake of fresh air at the floor of car; suction or 
exhaust ventilation at the top. 

“All latterly disposed steel should be utilized for strength- 
ening the car frame in resisting shock, including side sills, plates, 
steel side, braces, etc. Sufficient area of cross section provided 
in center sills for small or ordinary shocks. 

“End construction such as to preclude the possibility of tele- 
scoping.” 


CHANGE IN British Patent Laws.—Consul-General Wynne, 
of London, in referring to the new British patent law, which 
goes into effect on January 1, 1908, quotes the following, which 
will be of direct interest to American machinery builders: If a 
patented article or process be manufactured or carried on ex- 
clusively or mainly outside the United Kingdom, then, unless 
the patentee prove that the patented article or process is manu- 
factured or carried on to an adequate extent in the United King- 
dom, or give satisfactory reasons why it is not so manufactured 
or carried on, the comptroller may make an order revoking the 
patent forthwith, or he may make an order revoking it after a 
specified interval if the patented article or process be not in the 
meantime adequately manufactured or carried on within the 
United Kingdom; but in the latter case, if the patentee give 
satisfactory reasons for the failure so to manufacture or carry 
on within the prescribed time, the comptroller may extend the 
period by not more than one year. To obtain such an order, 
application must be made to the comptroller at least four years 
from the date of the patent and one year from the passing of 
the act; moreover, any decision of the comptroller is to be sub- 
ject to an appeal to the High Court, and no order is to be made 
that will be at variance with any treaty, convention, arrange- 
ment, or engagement with any foreign country or British pos- 
session. 





ANNUAL COST OF PGWER PER BRAKE HORSE-POWER.* 
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7 ee eee eee 375.00 227.50 220.00 300.00 
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ete ey 150.00 126.00 116.50 107.50 
BR? rote ome 146.00 123.00 113.00 102.00 
ey ox eh ea ae 140.00 121.50 110.00 98.00 
3, | Se eee ee ere 137.50 119.50 107.50 95.00 
| Ee sear 133.00 117.50 105.00 92.50 
TP RT a es 130.00 116.50 102.50 90.00 
is Ser oie 127.50 115.00 102.00 87.50 
a aN AE ise ole Sie, 124.00 113.50 100.00 85.00 
Og en ee 120.00 112.00 98.00 82.50 
ee eae 112.50 110.00 96.00 80.00 
Mss 2 eee oie 105.00 108.00 94.00 78.00 
ORE oO St 100.00 106.00 92.00 76.00 
EE, eer ert 95.00 104.00 90.00 74.00 
| EAP eee 90.50 102.00 88.00 72.00 
| TE Ce 86.40 100.00 86.00 70.00 


* Unit costs: Coal, $5 per ton; electricity, $0.135 per K. W.-hour; gas, 
$1.20 per 1,000 cubic feet, at 760 B. T. U.; gasoline, $0.20 per gallon. 


—William O. Webber, in Engineering News. 
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GASOLINE ELECTRIC RAILWAY MOTOR CAR. 


GASOLINE-ELECTRIC MOTOR CAR FOR RAILWAY 
SERVICE. 


The General Electric Company has been studying the problem 
of designing a satisfactory independently driven motor car for 
railway service for several years. After careful consideration 
and a study of all the cars in operation, it was decided that a 
car propelled by electric motors connected to the axles, the cur- 
rent being obtained from a generating plant aboard the car, was 
the most satisfactory and promising type of construction. his 
arrangement permits the greatest ease and flexibility in control 
of the speed and power of the car and eliminates many struc- 
tural problems present with both the direct gasoline or steam 
driven type. 

About two years ago this company finished a car which it had 
designed for service on the Delaware & Hudson Railway. ‘This 
car was illustrated and described on page 88 of the March, 1906, 


issue of this journal. It resembled a standard pas- 


and durability. The shape of the ends of the body has been 
made semi-circular and a plain oval shape roof is used which 
permits of great strength with minimum weight and greatly re- 
duces the air resistance. The underframe consists of two 6-in. 
I-beams as center sills and 6-in. channels as side sills. These 
are braced diagonally to give stiffness and are further streugth- 
ened by a number of cross beams between the bolsters. Truss 
rods are fitted to each of the side sills. The superstructure of 
the car is built on T-irons bent in U-shape and forming, in one 
piece, the side posts and the carlines. The sheathing is of steel 
plate and the floors are of two layers of wood armored oa the 
underside with steel plates. Ventilation is obtained by means of 
12 suction ventilators along the roof. 

The interior is divided into four compartments, the one at 
the forward end being the engine room, behind which is a small 
baggage compartment, then a smoking compartment and a main 
passenger compartment taking up a large part of the body. A 





senger coach in appearance, was 65 ft. long, carried 


40 passengers and weighed about 65 tons. It was 
mounted on specially designed trucks, which carried 
two ordinary railway motors, such as are in general ' 
use on the Interborough Railway in New York. The 
car contained a six-cvlinder horizontal opposed gaso- 
line engine of 160 brake horse-power, which was 
direct connected to a 120-k.w. General Electric gen- 
erator designed for 600 volts. 

This car was operated and thoroughly tested out 
and while it did not prove a commercial success it 
nevertheless served as a most valuable experiment 
in showing exactly where improvements should and 
could be made. 

From the results of the operation of this car the 
General Electric Company has designed and built 
another car of the same general type, which is now 
in operation. This car measures 50 ft. in length, in- 
stead of 65, it will carry 44 passengers instead of 
40 and weighs, fully equipped, but 31 tons as com- 
pared with 65 tons for the other car. The car body 
is built of steel throughout, with the exception of the 
interior finish, and a specially designed and much 
lighter type of truck has been used. An entirely 
new design of gasoline engine having eight cylinders, 





oa 








and weighing very much less than the English en- 
gine with six cylinders used in the other car, has 
been designed. The generator is also extremely 
light for its capacity and the resulting combination appears to 
be most satisfactory in every way. The car is capable of com- 
paratively high speeds, having maintained on its test run a speed 
of 50 miles per hour on a level track and 47 miles per hour on a 
rising grade. 


The car body is designed throughout with special reference to 
the service required, the main object in view being to secure a 
maximum carrying capacity with a minimum weight, while at 
the same time not neglecting the matter of structural strength 


EIGHT CYLINDER GASOLINE ENGINE AND 9O K.W. GENERATOR. 


small observation room is provided at the rear end and toilet 
facilities are included. The interior of the car, with the excep- 
tion of the engine room, is finished in selected Mexican mahog- 
any. The seats are upholstered in leather and individual electric 
lights, one at each seat, furnish the artificial light. Exceptionally 
good natural lighting is obtained by the very large double win- 


dows. There is no wood used in the engine compartment. 


The gasoline engine, which develops 100 brake horse-power at 
550 r. p. m., is direct connected to a go-k.w. direct current gen- 
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erator, which furnishes current at variable voltage. This cur- 
rent is fed to the motors through the medium of a control sys- 
tem, by means of which the voltage of the generator may be 
governed according to the requirements. Two motors are pro- 
vided, each being rated at 60 h.p. 

Engine.—The gasoline engine has eight cylinders, each of 
which is 8 in. in diameter, and has a stroke of 7 in. The cylin- 
ders are placed four on each side at 90 degs. to each other or 
an angle of 45 degs. with the vertical. Each cylinder casting is 
of very soft fine grained iron and is self-contained, including the 
water jacket. There-is one admission and one exhaust valve 
for each cylinder, which are so arranged.as to permit the inspec- 
tion of both valves by the removal of 2 nuts. The connecting 
rods are chrome nickel steel and the crank’ shaft is a forging of 
40-point carbon steel. It is a four-throw crank, having an angle 
of 180 degs., all of the crank pins being in the same plane. The 
two center cranks are on the same side of the shaft and the two 
outside cranks are set at 180 degs. with these. Two connecting 
rods, one from each cylinder, are connected to each crank pin. 
This arrangement of cranks and cylinders gives a most satisfac- 
tory system for balancing purposes, as well as a practically con- 
stant torque. Each cylinder is fastened to the engine base by six 
bolts, the base being made of one casting of Parsons’ manganese 
bronze. The crank casing, which is made oil tight, is of alumi- 
num. 

All of the valves are actuated from one cam shaft, which is 
entirely enclosed in a circular tunnel running the entire length 
of the engine base and formed in the main casting. 

There are two carburetters of the float feed type and the igni- 
tion is high tension, a separate coil being provided for each 
cylinder. The cooling system operates on. the thermo-syphon 
principle, the radiator being situated on the roof of the car. The 
total cooling surface amounts to about 1,300 sq. ft. The water 
jackets are connected to the radiator by means of pipes running 
vertically from the engine and the circuit is completed by means 
of other pipes leading from the radiator to the cylinder jackets. 
This forms the most simple system of cooling arrangement pos- 
sible as it entirely eliminates the necessity of using pumfs or 
cooling fans. 

Considerable difficulty has been experienced in starting gaso- 
line engines of this size and the same principle that proved so 
satisfactory in starting the engine in the former car has been 
used in this case. This consists of a special breech block mech- 
anism fitted into the top of one of the cylinders, which fires a 
black powder cartridge and gives an impulse for starting the 
engine. This piece of mechanism is illustrated in one of the 
photographs and can be put into any cylinder desired, being left 
in place while the engine is being operated. 

The gasoline is stored in a large steel tank of 90 gallons ca- 
pacity, suspended beneath the floor of the car. The supply is 
raised by means of a diaphragm pump to a small auxiliary tank 
in the cab, being filtered in transit. It is fed to the carburetter 
from this tank by gravity. Forced lubrication is used, there be- 
ing a nest of pumps operated from the main shaft. All of the 
oil used for lubricating purposes flows to the crank case from 
which it can be drained and filtered. 

Generator.—The generator is a G. E. 90-k.w. eight-pole sepa- 
rately excited unit, which has been specially designed with the 
view of obtaining the lightest possible machine for the output 
and at the same time keeping the temperature rise within a rea- 
sonable figure. It is provided with commutating poles, which in 
connection with the potential type of control gives a great flexi- 
bility. The advantage of this arrangement is readily appreciated 
when it is considered that at starting the field excitation is weak 
and large currents are required to give the necessary starting 
torque to the motors. The normal voltage of the generator is 
250 yolts, at which time the current is 360 amperes, but at start- 
ing a current of 800 amperes can be secured at a corresponding 
decrease in voltage. It would be impossible to commutate so 
large a current in a machine of so great a k.w. capacity per 


pound without the use of commutating poles. The total weight 


of the generator, including the exciter, is only 2,740 Ibs. while 
a standard machine of this output weighs 8,800 lbs. 


While the 


temperature rise is higher and the efficiency fower in this gen- 
erator than in standard apparatus these conditions .have been 
fully considered in the design. The efficiency, however, proves 
to be 88 per cent., or only 3 per cent. lower than the standard 
machine. 

The exciter is a 3-k.w. 70-volt shunt wound generator with 
its armature mounted directly on the armature shaft of the main 
generator and its field yoke supported by the bearing brackets, 
enabling it to fit under the back end of the generator armature 
windings. 

Control System—The speed of the motors on the trucks is 
governed by potential control. Since the generator is separately 
excited the voltage delivered can be varied by means of rheostats 
connected in series with the exciting current. The master con- 
troller, which is arranged to give seven steps with the motors 
connected in series and eight steps with them connected in paral- 
lel, has four handles, three of which are mounted one above the 
other on concentric shafts. The function of the top handle is 
to advance and retard the ignition of the engine; the second 
handle controls the throttle of the engine and the third handle 
controls the rheostat in the exciting current and hence the volt- 
age of the generator and the speed of the motors and also gives 
the change in motor connections from series to parallel. The 
fourth handle operates the reversing switch. 

A storage battery is provided for supplying the lighting cir- 
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BREECH BLOCK MECHANISM FOR FIRING BLACK POWDER CARTRIDGE. 





cuits and normally floats upon the exciting circuit. Its charging 
and discharging is controlled by means of a reverse current relay 
which permits the lights being supplied directly from the excit- 
ing circuit or the storage battery, according to the voltage of 
the circuit. 

The car is heated by passing part of the exhaust gases through 
pipes located in the car body. The brakes are of the straight air 
type, the compressor being direct connected to the engine. 

The trucks are of the swing bolster type with 36-in. wheels, 
there being one motor mounted on each truck. These were de- 
signed and constructed by the American Locomotive Company. 

The car body, which was built by the Wason Manufacturing 
Co., of Springfield, Mass., has the following general dimensions: 


ee ee ge | Ce! Pee eee Peer ee ee cere Tere ere 
SE CR TOE. 5 v0 a 3 6 cba Kove seen es ks Wiser eetanake 9 ft. 6 in. 
EGRET OL DRUSERBES COMDOTUBENE oie oc kcicdic crease enceses ecee 26 ft. 5 in. 
MUL, iain cat un kde + cdhe darks pimbiov a suede ene es Wee sou wheaeemabee 8 ft. 8 in. 
SEINE. ois osx a-6,08 es Cas (ence cease dahue eR ewan 12 ft. 10% in. 
SR GOED ig db. 5 isso d ee meld Gaede See tee besebe el ceskatale ne aien 44 





S1GNAL Tests.—A series of 197 surprise tests of signals on the 
Lehigh Valley Railroad has just been completed and it is re- 
ported that every one was obeyed exactly. The entire main line 
of this road is fully equipped with automatic signals. 
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CO-EFFICIENTS OF FRICTION BETWEEN WHEELS 
AND RAILS.* 


By Georce L. Fowter. 


The resistance of a wheel to slipping on the rail depends upon 
two causes frequently confused, but which are to be considered 
separately. These are friction and abrasion. 

Frictional resistance is due to the roughness of the two sur- 
faces in contact, and may be compared to the lifting of the weight 
to be moved over the successive inequalities of the surface on 
which it rests. Abrasion, on the other hand, involves the removal 
or cutting away of the particles of the masses in contact. The 
slipping of a wheel, such as would produce a flat spot, involves 
both frictional resistance and abrasion. If there were no slipping 
of the wheel on the rail there would be no wear, provided the 
rolling action did not produce sufficient pressure on any one 
point to crush the metal or cause it to flow. But there is always 
more or less slip even on a straight line. 

There are two kinds of slipping to which car wheels may be 
subjected. One is the skidding action due to the locking of 
the wheels by the brake-shoes. The other form occurs when the 
driving wheels of electric motor cars, for instance, are turned 
faster than the corresponding rate of motion of the car and the 
whole periphery of the wheel slides over the rail. In order to 
determine whether the resistances to these two kinds of slipping 
were the same, certain experiments were made. 

The apparatus was designed to produce, as nearly as possible, 
the actual conditions of track work. 

Two pieces of steel rails of 75 Ibs. section, one of which had 
been worn smooth in service; the other, a piece of new rail, to- 
gether with a section of a steel wheel and a section of 
a cast-iron wheel, with the treads of both smooth and 
free from imperfections, were used for the tests. The 
testing machines were made by Tinius Olsen & Com- 
pany, one with a capacity of 100,000 lbs. and the other 
a capacity of 50,000 lbs. 

The apparatus is shown in the accompanying illus- 
trations for the skidding movement. The wheel section 
was set on the rail and loaded by the 100,000 Ibs. ca- 
pacity machine. It was then slipped over the rail by 
a pull on the connection rod reaching to the other 
machine which measured the amount of the pull re- 
quired to slip the wheel on the rail. 

In loading the wheel, the pressure was applied 
through a plate resting on two rollers. In this way 
the friction, except that between the wheel and the 
rail, was reduced to practically nothing. 

For the spinning motion, the bearing plate above the 
rollers was made convex and the bottom plate’ resting on the 
top of the wheel was made concave; both surfaces being con- 
centric with the tread of the wheel. A pull on the wheel, there- 
fore, caused it to roll under the bearing plate as though it were 
revolving on its own center. The arrangement of this is clearly 
shown in the diagram. 

The force required to move the wheel on the rail was weighed 
by a bell crank with a knife edge bearing, resting on a heavy 
casting attached to the bed plate of the small testing machine. 
The vertical arm was attached to the pull rod and the end of the 
horizontal arm had a bearing on a wedge ér knife edge that was 
forced down by the platen of the machine. 

The wheel section was placed in position on the rail and 
weighted with a predetermined load. Pressure was chen applied 
to the wedge on the small machine. This pressure was trans- 
ferred through the bell crank as a pull on the connecting rod. 
When slipping occurred, the event was marked instantly by the 
drop of the beam of the small machine. The movement of the 
wheel over the rail usually amounted to about 1-32 in. As the 
object of the investigation was to determine the friction at rest 
no attempt was made to measure the pull after the first slip oc- 
curred. This was markedly less than that required to start the 
movement from a state of rest. 


. Reprinted by special permission from “The Car Wheel,” copyrighted by 
the Schoen Steel Wheel Company. 





Separate tests were made with steel and cast-iron wheels on 
the old and new rails, for both the skidding and spinning mo- 
tions. In loading the wheels, the weights were increased by reg- 
ular increments of 2,000 lbs. up to 30,000 Ibs. Three tests were 
made with each loading and for each condition of wheel move- 
ment. The average of the three tests in each case is given in the 
accompanying table. 

There was so little difference in the pull required to slip the 
wheels on the old and new rails that an average of the results 
obtained is given as the resistance to spinning and skidding of 
the two wheels on a steel rail. 





KIND OF MOTION, 
ILOAD ON ne ‘kidding 
Wisk, a Spinning. Skidding. 
LBs. a ) 
Steel Cast Iron | Steel Cast Iron 
Wheel. Wheel. Wheel. } Wheel. 
2,000 1bs .259 243 .285 .287 
| 4,000 “ .240 215 .254 .259 
| 6,000 “ .234 .208 245 .254 
8,000 “ daa -228 -206 -246 .242 
110,000 ‘* . 215 204 .238 -233 
aOR icc 212 205 .237 .223 
14,000 “ 207 199 .233 226 
16,000 °° .204 196 .232 .219 
Ct ees .204 198 .231 .219 | 
120,000 ** ; .201 194 236 .220 
122,000 °° .205 191 238 .223 
124,000 ** .204 192 235 .224 
26,000 * .205 .189 .232 .223 
0 rer -203 186 .236 217 
SOS | okcawen 203 183 .234 .214 





The table shows that the resistance to spinning of the steel 
wheel is somewhat greater than that of the cast-iron wheel, a fact 
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APPARATUS FOR TESTING SKIDDING 


RESISTANCE, 


which is brought out quite forcibly by the coefficients of friction, 
in which the coefficient of the steel wheel is invariably higher 
than that of the cast-iron. 


It also appears from this table, that the coefficient of friction 
of the steel wheel decreases as the load is increased, up to a pres- 
sure of about 15,000 lbs., after which it is practically constant. 
The coefficient of friction of the cast-iron wheel decreases rather 
rapidly, like that of the steel wheel, up to a load of 15,000 lbs., 
after which it falls away slowly, though a tendency to decrease 
with the increase of load is manifest. 


As regards skidding, the values of the coefficients of the two 
wheels bear the same relation to each other as they do for spin- 
ning. The coefficient of resistance is greater for the steel wheel 
than for the cast-iron wheel; and there is the same falling off in 
the value of the coefficient as the load is increased up to about 
15,000 Ibs., after which that of the steel wheel is nearly constant, 
while that of the cast-iron wheel continues to fall away slowly. 
It would be difficult to explain these phenomena without the data 
obtained in the investigations previously described, made to de- 
termine the area of contact between the wheel and the rail, and 
the relative rate of abrasion of the steel and cast-iron wheels on 
the emery wheel. The results of those investigations also serve 
to explain why the coefficient for a skidding wheel is higher than 
the coefficient for a wheel that is spinning. 
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In the case of the cast-iron wheel, it was shown iu the pre- 
ceding chapter that the imposition of a heavy load caused a 
breaking down of the metai in the rail at a certain point, while 
no such failure occurred with the steel wheel under the same 
load. The cast-iron wheel being rigid, inelastic and incompressi- 
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the power required to disturt the metal of a steel rail and tire 
were the same, the resistance to skidding of the steel wheel and 
the cast-iron wheel would also’ be the same. But, owing to the 
more rapid abrasion of the cast-iron wheel, as soon as it begins 
to skid it wears, and, by thus increasing the area of contact, it 
lessens the depression of the rail, decreases the amount 
of metal to be distorted, lowers the resistance to the 
motion, and makes the coefficient of friction of skid- 
ding less on the cast-iron wheel than on the steel 
wheel. 
This depression of the rail, due to the imposition of 
the wheel load, accounts for the higher coefficient of 
friction obtained with a skidding wheel than with a 
spinning wheel. With a wheel spinning, there is no 
continuous deformation of the metal of the rail to be 
affected. In skidding, there is a depression of the rail 
to be carried forward like a wave, which naturally 
raises the resistance and makes the coefficient greater 
than where slipping over one spot alone takes place. 
While it is not safe to draw rigid conclusions from 
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PLATEN OF TESTING MACHINE 
APPARATUS FOR TESTING SPINNING RESISTANCE. 
ble on the tread, was forced down into the metal cf the rail, 
causing the rail to do all of the yielding needed to produce the 
area of contact obtained; with the result that it was soon com- 
pressed beyond its elastic limit and given a permanent set. The 
steel wheel yielded as well as the rail, thus relieving the rail of 
a part of its compression and increasing the area of contact. This 
behavior of the two wheels explains, in part, the results obtained 
in these tests. In addition, it must be remembered that the normal 
coefficient of friction is greater between steel and steel, than it is 
between cast-iron and steel. 

When the cast-iron wheel is loaded on the rail, it indents the 
rail in proportion to the pressure applied, without being distort- 
ed itself. If, then, it is turned, as by a motor, it simply revolves 
in the concave depression in the rail, without undergoing any 
deformation itself and with no resistance other than that of 
overcoming the friction between the surfaces of the wheel and 
rail. The steel wheel, on the other hand, is itself compressed, as 
well as the rail, so that when it is turned a continuous progres- 
sive compression of the tread is set up, equal to the amount of the 
original compression. Hence, the resistance to turning will be 
equal to the frictional resistance plus that set up by this com- 
pression. 

It was shown that the cast-iron wheel was cut away much 
more rapidly under the emery wheel than were the steel tires 
and wheels. In the tests for skidding, the loads were succes- 
sively applied without readjusting the wheel on the rail, with 
the result that the steel wheel was skidded about 1% in. and the 
cast-iron wheel about 1 in. -This was done under loads increas- 
ing from 2,000 lbs. up to 30,000 lbs. Under this treatment, the 
steel wheel developed a slid-flat spot about 9-16 in. long, and the 
cast-iron wheel a spot about 7-8 in. long. In both cases the rail 
was spotted and the metal was rolled up in folds, indicating the 
direction of the motion of the wheel. The piece of rail used with 
the steel wheel was spotted for a distance of about 134 in., while 
the piece used with the cast-iron wheel was spotted for a length 
of about 1% in. This abrasion of the cast-iron wheel probably 
accounts for the lower resistance to skidding as compared with 
the steel wheel. For the same weight and for the same distance 
of skidding, the amount of metal abraded from the cast-iron 
wheel was in almost exactly the same ratio to that removed from 
the steel wheel, as is shown in the diagram of abrasion tests. 

It will be remembered that, for the lower wheel loads, the in- 
vestigation of contact areas showed that there was comparatively 
little difference between the areas obtained with cast-iron wheels 
and with steel wheels, and that it was inferred that the total 
compression of the metal was approximately the same in both 

_cases. Under these circumstances it would be expected that, if 
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the limited amount of data obtained, it does appear that 
inasmuch as the steel wheel offers greater resistance 
to spinning it is better adapted for use as the driving 
wheel of an electric car than the cast-iron wheel; and 
further, its higher coefficient of friction renders it less 
liable to skidding. 

This matter of wheels skidding, with the consequent develop- 
ment of flat spots on the tread, was considered of enough import- 
ance to warrant further investigation. 

It has been noted by many other investigators that steel wheels 
do not flatten as readily as cast-iron wheels. By some this is at- 
tributed to the fact that small flat spots, once formed on the tread 
of a steel wheel may be rolled out, whereas they have a tendency 
to grow larger on cast-iron wheels. The abrasion and skidding 
tests which have been made seem to show, however, that it is 
the lower resistance to grinding of the cast-iron wheel that ac- 
counts for the more rapid development of these flat spots. 

To briefly recapitulate, these tests showed that the rate of 
grinding of the first 4% in. below the tread was about 4.64 times 
as fast in the cast-iron wheel as in the Schoen steel wheel. For 
the second \% in. the ratio became 6.37, and for the third % in, 
15.93, showing the rapid decrease of wearing resistance of the 
cast-iron wheel below the surface. In the skidding tests in the 
laboratory, the effects were confined to the metal close to the sur- 
face, and it was found that, with the same amount >t skidding, 
the amount of metal removed was about 5.12 times as great on 
the cast-iron wheel as on the steel wheel. A further check on 
these figures was afterwards obtained by taking the time required 
to remove approximately the same amount of material from the 
treads of cast-iron and steel wheels in a wheel grinding ma- 
chine. It was found that it took from four to five times as long 
to grind down the steel wheels as it did to grind the cast-iron 
wheels. In all of the foregoing investigations, the metal of the 
wheel under test was kept cool, either by a stream of water or 
by doing the work so slowly that natural radiation counteracted 
the tendency to heat and the temperature of the metal was not 
raised above too deg. Fahr. 

For the purpose of ascertaining whether the results of these 
investigations were comparable with the results obtained in actual 
railroad service, when the wheels were locked and skidded under 
a car, series of tests were made by skidding the wheels under a 
loaded car. 

Through the courtesy of the New York, Ontario & Western a 
piece of track and a suitable box car were supplied for the tests. 
One pair of wheels and axle were removed from under the car, 
and replaced by an axle on which a Schoen steel wheel and a 
new cast-iron wheel had been pressed. These wheels were 33% 
in. and 33 in. in diameter, respectively. This pair of wheels were 
placed at the end of the car, and was fitted with two brake- 
beams, so that twice the usual brake-shoe pressure could be ap- 
plied on the wheels. By this means, the wheels could be held 
in a fixed position throughout a run. But it was more difficult 
to hold the wheels at low speed than at high speed. 
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The car was loaded until the weight on the pair of wheels to 
be tested was exactly 24,000 lbs. The car was then hauled back 
and forth over a piece of track 1,850 ft. long. The brake was set 
and the wheels skidded for the whole distance. The car was 
hauled at two speeds, namely, 3 and 12 miles an hour. 

When the car was hauled at a speed of 3 miles an hour, flat 
spots were made on the steel wheel in area about .30 in., while 
the spots formed on the cast-iron wheel were in area .80 in. These 
areas correspond to diameters of about % in. and 1 in., respec- 
tively, though the spots on the cast-iron wheel were e!ongated to 
about 1% in., which indicated somewhat more metal removed. 
The volume of metal abraded from the cast-iron wheel was 
about 5% times greater than that from the steel wheel. 

While the movement was slow the wheels remained cool. But 
when the speed was increased to 12 miles an hour, heating took 
place and the cutting was more rapid on the steel wheel. 

For the first 1,850 ft. run the areas of the flat spots produced 
at a speed of 12 miles an hour averaged 8.125 sq. in. on the steel 
wheel and 4.445 sq. in. on the cast-iron wheel. The estimated 
amount of metal worn away was 4.63 times as much with the 
steel wheel as with the cast-iron wheel. 

When the skidding was continued the rate of wear increased 
very rapidly with the cast-iron wheel, while there was little in- 
crease with the steel wheel. At the end of the run of 3,700 ft., 
the area of the flat spot on the steel wheel was 8.43 sq. in., an 
increase of .305 sq. in., while the area of the spot on the cast-iron 
wheel was 5.72 sq. in., an increase of 1.275 sq. in. From this it 
appears that the cast-iron wheel wore away more rapidly than 
the steel wheel after the kard surface metal had been broken 
through. 

The indications are that in skidding a short distance at low 
speed a cast-iron wheel is more apt to develop a flat spot than is 
a steel wheel. On the other hand, if the skidding continues for 
some distance at a high speed, the wheel becomes heated and 
then the steel wheel is the first to yield, unless the surface chill of 
the cast-iron wheel has already been worn through. 











POWER PLANT FOR ELECTRIC DRIVEN PUMPING 
STATION. 





The United States Reclamation Service, a bureau under the 
Department of the Interior, is doing a large amount of work 
in connection with the irrigation of the large arid districts in the 
west, and is converting enormous tracts of formerly worthless 
land into highly productive farms. Among these varied projects 
is one in the vicinity of Garden City, Kansas, known as the 
Garden City Project, which is now about to be put into operation. 
The Arkansas River, which flows through this section of the 
country, carries, in the wet season, a large body of water, but 
during the dry season its bed is practically dry. There’ is, how- 
ever, in all seasons a considerable body of water flowing a short 
distance below the surface of the ground and this project con- 








sists of a central electric generating station and twenty-three 
separate electric-driven pumping stations located along the line 
of flow of the underground water, which makes it available for 
irrigation purposes during the dry weather. 

The area affected is a strip of land, about 10,000 acres, extend- 
ing for about twenty miles northeast of the river. It consists of 
a canal running through the strip from which the various irriga- 
tion ditches are led. This canal, which is known as the “farmer’s 
ditch,” is connected to the Arkansas River, and during the period 
of high water is fed from that source, a flood gate being provided 
to control the supply. During the dry season, however, the canal 
is fed by the pumping stations. 

The power plant which furnishes the electric current for oper- 
ating all of these stations is of the most efficient and modern type 
and a very high economy of operation has been secured. In the 
boiler room there are two 200 h.p. Sterling boilers generating 
steam’ at 160 lbs. pressure with 120 degrees superheat. Draft is 
obtained by a steel stack 150 ft. high. In the engine room there 
are two turbo generators of 225 k.w. capacity, each generating 
three-phase €o-cycle current at 6600 volts. The exciter is direct 
connected to the shaft of each of the generators. The turbines 
are fitted with an automatic system for filtering and supplying 
their own lubricating oil. The current is controlled by oil 
switches located in the basement, which are mechanically oper- 
ated from a switchboard of five panels placed in the engine 
room. 

The power plant is a brick and steel structure located adjacent 
to the line of the Santa Fé Railroad near Deerfield, Kansas. The 
coal supply is brought in by the railroad, a siding being provided 
for storing the cars. The current is carried on overhead lines 
to the different pumping stations. 

The D’Oiler Engineering Company, of Philadelphia, were the 
engineers and contractors for the entire power generating plant. 


Testinc PLant For Exectric Cars.—There has been installed 
in the electrical laboratories of the Worcester Polytechnic In. 
stitute a testing plant for heavy electric street and in- 
terurban cars. The plant, in general, consists of four 
pairs of supporting wheels mounted in pedestals, which 
are adjustable along the base and can be arranged to 
suit any car. The shafts of these wheels are extended 
for the purpose of attaching fly wheels, whose weights 
are adjustable, which serve the purpose of imitating 
the starting inertia of the car on test. The train grade 
and curve resistance, which is usually obtained by ab- 
sorption brakes, is in this case obtained by connecting 
electric generators to each shaft. The four generators 
are of the same type and size and have their fields con- 
nected in series. The exciting current is obtained from 
a direct current machine with adjustable field rheostat. 
The current in the field may thus be varied, as desired, 
by changing the voltage of the exciting generator. The 
armatures of the four generators are connected in paral- 
lel to the load resistance. The generators are connected 
to the shafts by a pinion and gear, the usual suspension 
bearings being used. Although a traction dynamome- 
ter for registering the drawbar pull has not yet been 
installed, it is expected that eventually such an in- 


strument will be put into place. 





TRAVELING ENGINEERS’ AssocriATION.—The committee on sub- 
jects desires all members to submit subjects for consideration at 
the next annual meeting, which will be of general interest to the 
locomotive department and of benefit to the association. “Any 
subject submitted will be given careful consideration by the com- 
mittee, of which Mr. W. G.~Wallace, 1600 Commercial National 
Bank Building, Chicago, is the chairman. 





EvtectricAL NicHt at THE New YorK Rartroap Cius.—The 
March meeting of the New York Railroad Club will be given up 
to the annual electrical night, at which short papers by a num- 
ber of authorities on electrification of steam railways will be 
read. 
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PACIFIC TYPE LOCOMOTIVE WITH BALDWIN SUPERHEATER—A, T. & S. F. RY. 


LOCOMOTIVES WITH LOW BOILER PRESSURE AND 
SMOKEBOX SUPERHEATERS. 
ATcHIson, Topeka & SANTA FE Raitway. 

The Baldwin Locomotive Works has recently completed an 
order of 49 locomotives for the Atchison, Topeka & Santa Fe 
Ry., of which seven are of the Pacific type and 42 of the con- 
solidation type. Ten of the latter are equipped for burning coal 
and all of the remainder are arranged for burning oil. These 
locomotives carry a boiler pressure of but 160 lbs. and are fitted 
with very large simple cylinders, so as to take advantage of the 
full adhesive weight with this low boiler pressure. The diffi- 
culty from condensation, which would be greatly increased be- 
cause of the large increase in the area of the walls in these 
cylinders, has been reduced by the installation of smokebox 
superheaters in all of the locomotives. The superheaters are 
of the Baldwin type and are not intended or expected to deliver 
highly superheated steam but simply to give sufficient superheat 
to overcome the excessive condensation. 








Ym, 











a | 
— 2 nisl 
ae k 51% 


-—80%-—-—+-—-—T1K—- 











The Santa Fe has for some time been operating a ten-coupled 
locomotive with a superheater of this design and using a low 
boiler pressure with results which have been so satisfactory as 
to lead to the same arrangement on this large order of both 
freight and passenger engines. The principle advantage gained 
by this arrangement is the reduction in boiler troubles and ease 
of maintaining full pressure, especially in bad water districts 
where great difficulty has been found in keeping boilers tight. 

Pacific Type Locomotives—The seven passenger locomotives 
have 25x28 in. cylinders; 73 in. drivers and give a tractive effort 
of 32,600 lbs. They weigh nearly 233,000 lbs., of which 140,400 
lbs. is on drivers, giving an average weight per driving axle of 
46,800 Ibs. This gives a factor of adhesion of 4.33 and a ratio 
of total weight to tractive effort of 7.12. 

The boiler is of the straight type, 72 in. in diameter at the 
front ring. It contains 273-2-%4 in. tubes 20 ft. long, which give 
a heating surface of 3,202 sq. ft., or practically the same amount 
that will be found on a similar weight locomotive carrying 200 
Ibs. boiler pressure. The ratios of heating surface and grate 
area to cylinder volume, however, are naturally considerably 
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ELEVATIONS AND SECTIONS OF PACIFIC TYPE LOCOMOTIVE—A. T. & S. F. RY. 
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CONSOLIDATION LOCOMOTIVE 





smaller than would be the case with the engine having higher 
pressure and smaller cylinders. The boiler barrel is built up of 
four rings having “diamond” butt jointed seams on the top cen- 
ter line. 

The superheater is the same in general design as the one shown 
on page 89 of the March, 1907, issue of this journal, but differs 
from it in having the saturated steam enter the superheater at 
the front end and work backward, the final outlet being at the 
end nearest the front tube sheet, or at the point where the hot- 
test gases are found. It has a heating surface of 709 sq. it., 
giving I sq. ft. of superheating surface to about 4.5 sq. ft. of 
boiler heating surface. 

The cylinders are designed for the Walschaert valve gear and 
have valve chambers set 6 in. outside of the center line of the 























WITH BALDWIN SUPERHEATER—A. T. & S. F. RY. 


cylinders, so as to place the valve motion in practically one ver- 
tical plane. The arrangement of the valve gear is clearly shown 
in the general elevation and follows the most recent practice 
in design for Pacific type locomotives by having the link hung 
from cast steel supports located outside of the drivers and par- 
allel to the engine frame, being carried by the guide yoke at the 
front and a suitable cross bearer at the rear. Outside of the link 
bearers, the details of this gear are practically the same as those 
for the consolidation locomotive, which are illustrated herewith 
and will be mentioned later. 

The front truck is of the swing bolster type with cast steel 
saddle and 3-point suspension links. The rear truck is of the 
Rushton pattern with outside journals. 

Consolidation Locomotives—These locomotives have 24 x 32 
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LINK BEARING 
DETAILS OF 


in. simple cylinders, 57 in. driving wheels and a tractive effort of 





WALSCHAERT VALVE GEAR ON 


43,970 lbs. 


The boiler is also of the straight top design; measures 
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ECCENTRIC ROD & CRAN:: 
PACIFIC TYPE LOCOMOTIVE. 


trated. This pin is arranged with a central passage and outlets 
in the center of the bearing, through which the lubricant can 





783% in. outside diameter at the front end. It contains 355 2-in. 
tubes, 15 ft. long, giving a total heating surface of 2,930 sq. ft. 
The boiler ratios and ratios of boiler to weights are about the 
average for this type of locomotive. The superheater is of the 
same design as used in the Pacific type engines and has 600 sq. 
ft. of heating surface, which is a ratio of 1 to 4.87 with the 
boiler heating surface. 

The Walschaert valve gear design as applied to these locomo- 
tives is an excellent example of probably the simplest arrange- 
ment of this type of gear. It is all located in practically one 
vertical plane, and there is but one reversing shaft, and as few 
separate parts as can conveniently be used to fulfil the require- 
ments. The link bearing and reverse shaft bearing are bolted to 
the wrought iron guide yoke which is given a good depth outside 
of the frames and is secured to them by a very large cast steel 
knee having ample bearing on the frame and for the full depth 
of the guide yoke. The top guides are also secured to the yoke 
by a cast steel knee. The link bearing, which ‘has been designed 
with a view of obtaining. the greatest rigidity with the least 
weight, is shown in the illustration, as is also the link itself, which 
is of wrought iron in one piece and is secured between two cast 
steel carriers having trunnions resting in the brass bushings of 
the link bearings. 

The valve stem is keyed to a case hardened square sectioned 
extension, which rests in a cast steel guide secured to the top 
guide bar. This extension has ample bearing in its support, be- 
ing set with the flat faces. at an angle of 45 degs. It connects at 
the rear to the combination lever, the details of which are shown 
in the illustration, through a specially designed pin, also illus- 


reach the bearing surfaces. 


The eccentric crank is of cast steel in one piece. being fitted 
over a 5 in. diameter extension on the end of the crank pin and 
secured in place by a bolt passing through it and the main pin. 
The construction and arrangements of the other parts of the 
gear are clearly shown in the detailed illustrations. 

The general dimensions, weights, and ratios of both types of 
locomotives are given in the following table: 





GENERAL DATA. 
LN As PELEAR DERM eset Rem Aee Sr. Pacific Consolidation 
1 ERE ie oe ere 4 ft, 84 ins. 4 ft. 8hin. 
INN sip 5 i cincssvud eupavanenbons aveicesben’ ‘ Passenger Freight 
ERE ER ee Pe are On eee Oil Oil 
NN ocak cnc ccundicchixeeuhibel 32,600 Ibs. 43,970 Ibs. 
Weight in working order.................. 232,750 lbs. 212,400 Ibs. 
Wight OG) GriVOTS...........00000065.0c00s00 140,400 Ibs. 183,200 Ibs. 
Weight on leading truck.................. 54,950 lbs. 29,200 Ibs. 
Weight on trailing truck................. ME Ricca 
Wt. of engine and ten. in work. order | 395,000 lbs. 375,000 Ibs. 
Wheel base, driving......................... 12 ft. 8 in. 15 ft. 6 in. 
MEE MU EIN sis cnaavasasconapusiedacse 34 ft. Sin. 24 ft. 6in. 
Wheel base, engine and tender........ 65 ft. 58 ft. 3 in. 
RATIOS. 
Weight on drivers + tractive effort: 4.33 417 
Total weight + tractive effort........... 7.12 4.75 
Trac. ef. X diam. driv. + heat. surf.. 700.00 $55.00 
Total heating surface + grate area.. 68.50 62.00 
Fireb'x heat. surf. + t'l heat. surf., % 5.60 5.35 
Weight on drivers + total heat. surf. 41.50 62.50 
Total weight + total heating surf... 68.50 72.50 
Volume both cylinders, cu. ft.......... 16.00 16.80 
Total heating surf. + vol. cylinders.. | 212.00 174.50 
Grate area + vol. cylinders.............. 3.10 2.82 
CYLINDERS. 
Rr ee SL ee, rer aN ee Simple Simple 
Diameter and stroke........................ 25 X 28 in. 24 X 32in. 
Piston Piston 
13 in. 13 in. 
ES | Sere eee ees a 
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I BI sce soas chasvagecebososesnsats 1} in. The test bars were of the regulation kind, as prescribed by 
Inside Clearance - the American Society for Testing Materials—namely 1% 
, ETE Walsch. Walsch. round, cast on end, and in dried molds. ‘The test bars, dumped 
a was F when cold, were only brushed and then broken transversely on 
Driving, diameter over tires............ 73 in. 57 in. : : : : : 
Driving, thickness of 7 ea 34 in. 34 in. a 5000-lb. Riehle testing machine. As there were quite a lot of 
Driv. jour., main diam. and length.. 10 X 12 in. 10 X 12in. 2 i i i i 
Driv. jour., others, diam. and length. 9X12 in, 9X 12in. tests, and many of the bars varied slightly in diameter from the 
Engine truck wheels, diameter........ 344 in. 294 in. standard, the breaking weights were ali recalculated from the 
Engine truck, journals...............0..... 6 X 10 in + X 10} in. : : 
Trailing truck wheels diameter...... SE, Rviibindeaseisibihdasceliedsaiii modulus of rupture back to the standard 1%-in. test bar. This, 
Trailing sao weseeeeneeeeeensens STR nacseacrarnsentennsacennsentenie while not correct in its strictest sense, for cast iron is not homo- 
Style. Se PLANS AO Straight Straight geneous and does not follow the rules ae to steel, pe 
orking pressure............0..00..0.. 160 Ibs. 160 Ibs. i i i ff 
Gutabie Gleasster of diel sing. —— oe in theless gives a fair comparison of the general effects of the alloy 
Firebox. length and width........ 108 X 66 in. 954 X 714 in. addition. 
Firebox, plates, thickness... =f 2 & %& in. #& in. 
Firebox, water space.............. F-4%4, S-S, B-4 in. F-44, S & B-4 in. TABLE I. 
Tubes, number and outside d 273—24 in 355-2 in. Burnt Iron, Gray (Burnt grate bars, stove iron, etc.) 
Tubes, EAS eae 20 ft. 15 ft. Average of 5 bars—no vanadium added: 
Heating surface, tubes..... | 3,202 sa. ft. 2,773 sq. ft. RED a itunaccccgceensscescaccesstsaneweses 1, or ne 
Heating surface, firebox.. | 190 sq. ft. 157 sq. ft. DigBOGtOm: «22 cc ccccccccccccccccsecececesvccces 
Heating surtace, total....................... . 3,392 sq. ft. 2,930 sq. ft. DOE COIS, i occ ccccdtdcascccudueneed 25, sie ibs. 
Superheater heating surface............ | 759 sq. ft. 600 sq. ft. Average of 3 bars—.05 per cent. vanadium added: 
Grate area......... qitasesssasesesnecseezcesecsnen 49.5 sq. ft. 47.4 sq. ft. EL knehendenss)keoerectacnkeasnebl 2,220 Ibs. 
Smokestack, height above rail......... | 1844 in. 1859 in. CEE Scctcccarnecncsseticnsiaqucesesnsengn 
Centre of boiler above rail............... 1144 in. 114 in. NN OE POMNUNE 6 icc ko Sdéakciecadveesukeeds 43, 380 Ibs. 
TENDER (BOTH TYPES) 
ad acnnde dt cea hiss iecnitaca saad hin gaduuica ba eteashaaeebatiaests Waterbottom TABLE II. 
MN Soe si Tae itsca pect cak coward bdave ghcscoceuancs tuasiXsanasacabldimaaandioetetesa’ 12 in. channels Burnt Iron. White. 
I OU Si sets aaa cdea' cash acs iei dasa Sees sSausindiccialhibalis 34% in. Average cf 3 bars—no vanadium added: 
Journals, diameter and lengtlh.....................cccccccccsssccccescceseees 54 X 10 in. I i ee oda cgenadheakteneuceen 3 - _ 
ee MGs ccadc an icine canteteinnRicscbiidbadevieamielisuladccsenemeaaiaen 8,500 gals. Deflection : ‘ r y ee crate eee a n. 
rN os natiec5 i encteas pascae sea biamiusuaesaotersusasasdomiacadcainicieatelln 3,300 gals. DARGINE C8 SOMONE once csc ceaccaixececacnas 28, a lbs. 
——= sate = Tony 12 bars—.50 manganese and .05 vanadium added 
CSM ccideukdeueceesasaes ceneaceuansenne ee a _ 
VANADIUM IN CAST IRON.* WIAA 2 or oS cco dad oo ndcswawdaacannedeleen .05 
a OR OB CUNNING 6 o.ccs ceive taddisccsucsaces 37, 100 Ibs 
For a number of years admirable reports on alloys research TABLE III. 
have come from Europe, and among them one would occasionally Machinery Iron. Gray (melted pig—no scrap). 
see mention of vanadium and its remarkable effect on steel. The =? eae 1.980 Ibs 
practical steel-maker, however, knowing the high price of this DR bre ce Cena cane aed deeeen coe -105 in. 
P es Ge HUMID Wee dcie cnccunanexacudacdcuaas 38,680 lbs 
rare metal could only regret that vanadium had no commercial Average cf 5 bars—.05 vanadium added: 
H : MIO ca daweved d cadedsacancarewibecaeewaed 2,070 lbs 
application. - RIN iia dice cwiweddesedeandugsedaudeacoant .105 in 
Since the discovery recently of enormous deposits of vanadium, Moduius of rupture ...... 1+. +0 eee eee eee ees 40,410 lbs 
; ; : Average of 19 bars—.10 vanadium added: 
more particularly those in Colorado, matters have assumed a dif- WMINON so fei i ccncuevasaecaewccetaneseaaee) 2,200 Ibs. 
‘ : : DU cc¢ccadddean dee canedunéweaeeeGeeeawaa -115 in. 
ferent shape. Prof. Hildebrand, of the U. S. Geological Sur- SEIS OR TUMORED «onc 6 o.vc cetntweccceenseats 42,600 lbs. 
vey, first located a deposit of vanadi-ferous sandstone in that Annee 8 4 bars—.15 vanadium added: » 
‘8 ‘ fi DME Cetaedattuvicccadedededebsseceteuesaad 2,740 Ibs. 
state, and this is now being worked extensively, and the ferro- SN, anaxucasiascnsisskbaeueseeesannell 13 in. 


alloy made right in this country. 
practically unlimited. 

The properties of vanadium steel are as follows: The elastic 
limit is increased without an impairment of the ductility of the 
steel—that is, an exceedingly strong steel is obtained, with its 
softness still remaining. Coupled with these most valuable prop- 
erties is another, and that is the extreme resistance to deteriora- 
tion when the metal is subjected to severe and continued strains 
in service. Vanadium steel is nonfatiguing, and, therefore, an 
ideal railroad and rolling mill metal. It is but natural that at- 
tention should be drawn to the use of vanadium in the foundry. 
The very first casting which might be benefited is the car wheel. 
Next would come the various kinds of rolls, then alkali pots, 
pump parts, etc——wherever strains are heavy and oft repeated, 
either direct tension and compression alternately and in cases 
where castings are subjected to shock or great variations in tem- 
perature. 

In order to learn something of the effects of vanadium on 
cast iron a series of tests was conducted, using melted scrapped 
car wheels for white iron and a good machinery pig iron for a 
variety of gray iron. A ferrovanadium carrying high carbon was 
selected because it melted at a lower temperature and would 
also be cheaper for the foundryman. Varying proportions were 
added to the ladle full of molten metal, first in lump form, and, 
as this did not give satisfaction with the small quantities of iron 
used at a time, the alloy was powdered before using. 

Inasmuch as vanadium, besides being a great strengthener, is 
also a powerful deoxidizing agent, and the increase in strength 
obtained by its use might be attributed to the purification of the 
iron only, a further series of tests was included in which the 
ladle was first treated with 80 per cent. ferromanganese in suffi- 
cient quantity to add 0.5 per cent. of manganese, and then the 
ferrovanadium. In order to obtain some light on the deoxidiz- 
ing power of vanadium a set of tests was also made with burnt 
metal, the results of which are given in the tables below. 


~ * From a paper delivered before the American Foundrymen’s Association 
by Dr. Richard Moldenke, Secretary of the Association. 


The supply of vanadium is 





Modulus of rupture 53,750 Ibs. 
Average of 3 bars—.5 manganese added, no vanadium: 


WE OB oa co Cawaas dewddcvlngeedéusawonnaaaeaaad 1,970 = 
RIE cade dd wacdsucccdctcdudedecatecasdedsune as 
I OE QUID: io kote cc cwcageecducedavees 38,410 tbs. 
Average of 5 bars—.06 ground vanadium added: 
DEON bcd cedcverendecseensidiatendeiiuae 1,980 x 
DE entéanessd cxcanccexdsaadeaddaeaamewes as 
Modulus of rupture ......-..-eeeeeeeeeeeeneee 38,700 Ibs. 
Average of 4 bars—.5 Mn. and .05 ground vanadium added: 
WT UE 6 cig asia c 0w esa cduedegeNascgqduaueal = 7 
DS Vets iad cdcednctaneekamacneawauaien 
ne OE SUING oo cen ccecindandcncendaess 41, 730 Ibs. 
Average of 5 bars—.10 ground vanadium added: 
PONS bv bain gc axutar eces cadtascusewenceteadn 2,372 Ibs. 
Cet ree ror reer Cree ee eee re .09 in. 
PE OE GUIS 56 occ hii cccccdecaccsaccead 46,320 lbs. 
Average of 3 bars—.5 Mn. and .10 ground vanadium added: 
MINOR i deced sb eaneciddceneateteucvawsaual ex 7 
TS Si rveddnacucddacdsckacaudeauabewecaas 
ees GE SUING go eed cic a duccctcvnnaceous 49, 500 Ibs. 
Average of 5 bars—.15 ground vanadium added: 
ME ON 4.44 ch wkaenedvaacdscsedcaebacvencnenaaend 2,360 _ 
PN ucdedaccdhececdscheduecuctueweNanuan 
ee eS ere err re 46, 070 Ibs. 
TABLE IV. 
Remelted Car Wheels. White—-no pig iron. 
Average of 5 bars--no vanadium: 
an. oe add apa eedee daa eaekaee 1,470 lbs 
BI Gb wccdnccencivedscudvacdeeadaeuwuanes .05 in. 
I OE DUNNEIG  c 6 occ e'vtivccinsccceceesccuas 28,100 Ibs. 
Average of 5 bars—.05 lump vanadium added: 
MON ib ct avasedéume ba deme xaeayelna eas 2,190 _ 
RUN ad 6g xv ded wc Secedaden duatihwaagunenceeen .05 i 
De GE SUING 6 6.6.56 65 6a ve dad cnsaceceens 41,570 tbs. 
Average of 7 bars—.10 lump vanadium added: 
MCI, cxeancceudactecdcdccuncdupaaeuaaaanl 2,050 . 
RR cc te ccddddwsccdesdueededacwdeaeaeue 05 i 
WN GE SUMUIES 6c ac once ccccencsacecasuees 39, 759 tbs. 
Average of 8 bars—.15 lump vanadium added: 
MM oc eaceckdaakndeeddnne do Leoeanneen 2,264 Ibs. 
CI i ritic kas cceet Gadducdduincneauraaacaus -06 in. 
SERGE GE COUMENG  cc.ccin dev ccavtccescenexdaae 44,480 lbs. 
Average of 4 bars—.50 Mn. and no vanadium: 
Ts 6 oie ck ns cde cdwapadecd dueaaceesanueel 2,790 lhs. 
DID. nd Knwdad ences eanaddecaoede Cuamen een .O7 in. 
DE OO SUMINR® so recoucacasanconteseedied 54,570 Ibs, 
Average uf 6 bars—.05 ground vanadium: 
WO eri caicacddageesanet dates wien 3,020 bn 
Rs ows dn cidssccndcedadtecatsewuaemane: 0 
DRG OF CUEING, 6 oc cetcvincucscnaeduacauas 59,030 Ibs. 


Average of 6 bars—.50 Mn. and .05 ground vanadium added: 


EE s vo.s caedinciesevdandssnddetcateaeuun 2,979 = 

TUNEL: crak uae oe 064 skwadedeanuecewienenmane .09 

I CE GUIS osc cc cderccndencacdanmenel 58,040 Ibs. 
Average of 3 bars—.10 ground vanadium: 

WMD ivecéencetecdsadasksiwhs cassette 2,80) a 

TI a idea cad sgudscddescudcnaeelaueonne .055 

I OF CID ok 6 dddicg <cccvindatacaawer 54,890 ths. 
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a 4 bars—.50 Mn. and .10 ground vanadium added: 


DE - Co ccoktiisssadak coe wee sbeboree seal wee 3,030 Ibs. 
SR 2 2% cob shine td Seger obuss pees eh banais -09 in. 
TAN INE a's os 0s 3:0 0.5 oso o's v0 ee 59,220 lbs. 

Average of 6 bars—.15 ground vanadium: 
Docs hheN es see hebneeSaeens nee seRae 2,950 lbs. 
PD Bia cisa0s wb 6 <b-ess ee bbaveseaasewee eden -07 in. 
en ee, Ee CE AO emery 59,230 lbs. 

Average of 6 bars—.50 Mn. and .15 ground vanadium added: 
ER A shia be aisiesiau See senbaadaahwese 3,920 lbs. 
EE ig ee ei ee lar eis ates ak eis .095 in. 
SE SE CUMING ies cs cacseswickeSescaweee 76,650 Ibs. 


The analyses were for the most part made on bars in which the 
powdered alloy was used, as these tests were most satisfactory. 
All tests, however, are given as they seem to confirm the belief 
that the addition to the strength of the metal is a well-founded 


one. The vanadium alloy used contained 
EE Sok co cc bnek eanae Ga OnMavs ee sabe senene oh ewtee 14.67 
Pts. 2c (ices peau na renreaebape hike ehh eke eee 6.36 
DMA ercs ahh ok twin beeen et oss bGaNS 4980 oO ee err 0.15 


While the vanadium content is comparatively low, this is a very 
good alloy for foundry purposes, as cast iron is already high in 
carbon, and the silicon is too small to cut an appreciable figure 
in the results. While the attempt was made to get as nearly 0.5, 
0.10 and 0.15 vanadium into the ladles of metal as possible, the 
analyses show that for the bars selected (as nearly the average 
for strength as possible) as much as two or three times actually 
remained after casting. This is due first to the impossibility of 
accurately weighing out in the small space of time available to 
prevent undue cooling of the metal, most of the time dealing 
with less metal in the ladle than expected or arranged for. Then, 
with the small quantities tried, the chances for irregular distri- 
A foundry with 5 or 10 ton ladles 
Finally there is the uncertainty 
The very best re- 


bution very great. 
would give a better opportunity. 
of how much or little vanadium is oxidized. 
sults with both manganese and vanadium show very little of the 
latter remaining. 


were 


The results, however, are sufficient to strongly recommend the 
new alloy to the consideration of foundrymen. If but a part of 
the resistance of deterioration found by adding vanadium to steel 
should be proven by service trials to exist in cast iron, then on 
the score of safety to human life alone, the metal belongs 1n 
every car wheel. A still better method would be to use a more 
powerful deoxidizer than manganese and add the vanadium on 
top of it. 

The results shown in the tables speak for themselves, and the 
averages tallied off for each table show a remarkable progression 
of values. To increase the breaking strength of a test bar from 
2000 up to 2500 for gray iron, and 1500 up to 3900 for white iron 
is sufficient to warrant further investigation on the part of every 
foundryman who has special problems in strength to master, and 
this part of the investigations is therefore given to the foundry 
public at this time, rather than to wait for the further tests still 
on the programme. It is expected to continue the investigations 
on vanadium in cast iron further, making provision to keep the 
ladle with melted iron heated up for a fairly long period, so 
that better mixing of the alloy may result, and hence more ac- 
curate results can be obtained. 


ELKHART RouNpDHOUSE Burns.—A large section of both round- 
houses, together with the accompanying repair shop and store- 
room of the Lake Shore & Michigan Southern Railway, at Elk- 
hart, Ind., were destroyed by fire on the morning of January 9. 
The fire started by the ignition and explosion of a barrel of 
front end paint located in the store-room, and spread with such 
incredible rapidity that in spite of the splendid work of the shop 
and city fire departments, it destroyed all of the shop building, 
with the exception of the oil house, as well as eight stalls in each 
of the roundhouses, before being brought under control. On 
practically all of these stalls were locomotives, and since one 
of the first effects of the fire was to destroy the electrical con- 
nection to the turn-tables, it was impossible to remove even 
such of these locomotives as had steam pressure, and they were 
all badly burned and will require a complete overhauling. Work 
of rebuilding the structures was started as soon as the ruins 
had cooled. 








HOLLOW STAYBOLTS. 





By Joun Hicxey.* 


Having been troubled with broken staybolts on several moun- 
tain engines, due to variation of pressure followed by extremes 
of temperature several times a day, the writer had some hollow 
staybolts placed on surfaces giving the most trouble from 
broken bolts. As the solid staybolts and those having drilled 
telltales were removed, they were replaced by hollow ones. After 
about a year of this practice it was noticed that the staybolt work 
at the short run terminals was very materially reduced. Prior 
to this the life of the solid staybolt with telltale drilling was be- 
tween five and nine months, depending on location in staying, 
while after this time, a little over a year, there was no record 
of a single hollow bolt being broken, although located mostly in 
what was considered the breaking zone. Longer periods of ex- 
perience with the hollow bolt developed equally good results, ‘its 
endurance being remarkable under the severe conditions existing. 

The self-warning principle of the hollow staybolt is highly 
appreciated by those directly in touch with the power generator. 
Eliminating the hammer tests, together with the feeling that no 
dangerous number can be broken without compelling attention, 
is regarded as a very satisfactory condition. It is well known 
that the strength of wrought iron decreases after reaching 350 
degrees F. Moderately high firebox temperature causes a solid 
staybolt to reach the depreciative heat, this being one of the 
causes which shortens its life. With the hollow staybolts in ser- 
vice a streamlet of cool air passes through each bolt to the fur- 
nace, thus holding the metal at a lower temperature, furnishing 
both strength and endurance that cannot be obtained with the 
use of the highest possible grade of iron in the solid staybolt. 
The greater endurance of the inner ends of the hollow bolts, as 
compared with solid ones, is very noticeable. This is due to the 
in-rushing air through the hollow bolts cooling the ends of the 
bolts and reducing the waste of the iron due to the high heat of 
the fire. 

It is said that a have closed the center holes at the 
inner ends of the hollow staybolts with a couple of blows of the 
hammer, claiming the entrance of too much cold air. This prac- 
tice, the writer is certain, should be discouraged. In order to 
obtain full benefits from the hollow bolts, the air should be per- 
mitted to pass through the %%-in. hole to the fire. This will hold 
the staybolt to lower temperature, add to its strength and flexibil- 
ity, cause greater endurance to the inner ends, and while aiding 
combustion will add noticeably to the efficiency of the furnace. 
It will further afford a double advantage for the detection of 
breakages should any occur, as the annular hole passes entirely 
through the bolt and failure at any point will immediately make 
itself known. 

Hollow staybolts with both ends open will never stop up, as 
the current of air passing through them always keeps the holes 
free from sediment. Furthermore, the hollow bolt saves mate- 
rial and time in application and renewals, and also prevents in- 
jury to sheets in making renewals, as the operator has a central 
hole for his drill to follow. 


few 


Tue Next Wortp’s Farr—Work on the grounds and build- 
ings of the Alaska-Yukon-Pacific Exposition, which will be held 
at Seattle, Washington, June 1 to October 15, 1909, is well under 
way and the management has announced that beyond doubt the 
work of building, grading, etc., will be completed on the opening 
day. This fair differs from previous fairs in many ways, the 
first of which is that the National Government has not been 
asked for any money to carry on the work. 





IssuE oF Patent Four Weeks From ALLOWANCE.—As most 
inventors know, it has hitherto been the practice of the United 
States Patent Office to issue patents on inventions three weeks 
after the date of allowance on payment of the final government 
fee. The Commissioner of Patents has given ‘instructions that 
hereafter the period between the date of allowance and the issue 
of the patent shall be four weeks.—Scientific American. 
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Later, as the art of 
cutting materials was on a more 
and tool steels oi 
greater cutting capacity and speed 
were introduced in shop practice, 
attempts to work these new cutting 
tools to their proper limits in bor- 
ing machines of this class, would 
result in stripping the gears, or 
other injury to the machine. 


slow speed. 


scientific basis, 


With the later developments in 
high speed cutting tools’ of great 
capacity, and in locomotive con- 
struction, with engines having pis- 
ton and often compound 
cylinders on the Vauclain principle 
or on the four cylinder balanced 


valves 








SINGLE BAR BORING MACHINE, A. T. & S. F. 


SINGLE BAR BORING MACHINE FOR MULTIPLE 
CYLINDERS. 





By E. J. McKernan.* 





The usual locomotive .cylinder boring machine consists of a 
horizontal spindle and table permitting of either no adjustment 
at all or only lateral adjustment. With these machines of the 
old design much time is consumed in properly setting the cylin- 
der so that the boring bar will strike the true center, and further- 
more, high speeds and rapid cutting cannot be obtained. These 
disadvantages are, of course, magnified when cylinder castings 
having two or more cylindrical chambers are to be bored and 
faced, because the work has to be set twice, and the cylinders 
and valve chambers (where piston valves are used) must be 
truly parallel with each other. These machines, designed when 
simple slide valve cylinders of not more than 18 in. por 20 in. 
in diameter were the prevailing type on locomotives, were adapt- 
ed for use with the slow speed carbon steel which was the most 
efficient material for making cutting tools at that time. The 
mechanism was simple, but the driving and feed gears were weak 
cast iron affairs which drove the tool along at an unprofitably 

Tool Expert, A. T. 


F. R’y System. 


& Ss. 


compound principle, a machine 


RY. capable of the most effective ser- 


vice under the latter conditions be- 
comes a shop necessity. In order to meet this demand, one 
manufacturer produced a three-spindle machine which would 
require but one setting of the work and which would in- 
sure the parallel boring of all cylinders and chambers. While 
this type of machine many advantages for cer- 
tain classes of work, still the single bar machine has been found 
superior for general railroad practice. A comparison of the two 
types shows that the single bar has less gearing and is the 
simpler machine, and is consequently much easier maintained. 
On account of the smaller number of parts, the single bar ma- 
chine is the most economical to drive, and the power required 
can be obtained from a small motor. Where there are some ad- 
vantages in boring three chambers at once it has been found in 
practice that the chatter in one tool is transmitted to the other 
tools causing a rough finish in all bores. This, of course, is en- 
tirely obviated in the single bar machine. From experience in the 
ordinary railroad shop it has been found that the single bar ma- 
chine is best suited to all-around locomotive work. It is eco- 
nomical in operation, in power consumed and in adjustments, 
and, owing to the less machinery involved, it is the most eco- 
nomical to buy. 


possesses 


Recently there have been built several heavy and solid single 
bar boring machines with the boring bars capable of the heaviest 
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strains, and of such a design as to insure working the cutting 
tools to the very highest capacity. The accurate setting of the 
work, especially in connection with the multiple cylinders, is 
brought about by the application of a table having both laterai 
and vertical adjustment, and these machines produce very ex- 
cellent work. But the examples of them thus far constructed 
are heavy ponderous affairs, costing a great deal for the weight 
of metal in them alone, and they do not have the universally 
wide range for accommodating all classes of locomotive cylinder 
boring that should be a requisite in modern machines for this 
purpose. Their first cost is high, and the best results are not al- 
ways obtained from them, not to speak of the relative large 
amount of shop room required. 

At the Topeka shops of the Santa Fé Railway there has been 
built a cylinder boring mill which answers all the requirements 
in regard to the boring of cylinders for all classes of compound 
engines. This machine is also adapted to bore cylinders on en- 
gines which have one cylinder or chamber at an angle to the 
others. All cylinders or chambers may be bored at one clamp- 
ing of the cylinder, by the mere raising or lowering of the table. 
This table has an elevating movement of 37 in.; also has a 
cross travel of 35 in. The table which has the cross travel move- 
ment has also a swiveling motion, by which a range of 15 de- 
grees incline may be had. 

This new boring mill, as can be seen in the illustration, is di- 
rect motor driven. ‘The table is raised or lowered by power 
connection with the main motor through beveled gears and 
clutches, handled from the operator’s side of the machine. All 
the mechanism is of the latest design and is strong and durable, 
all gears being made from good gray iron and all bushings of 
phosphor bronze. The boring bar is 7 in. in diameter and is 
made from open hearth steel. It is fed through the cylinder by 
means of a spur gear and rack which makes it very rigid in op- 
eration and gives a very smooth bore. 

One of the facing heads on the machine is made so that it will 
move along on the bar and is driven by means of a I-in. key 
and set screw, and will pull any kind of a cut that is put on the 


machine. The facing heads are fed by means of a star feed at- 
tachment. The screws that elevate the table are made from 
soft steel and are 5% in. in diameter and are 34 pitch, the 


screws set at right angles to the boring bar, making everything 
rigid. The total weight is about 15 tons, and the machine takes 
up floor space of 223 sq. ft., having an extreme length of 21 ft. 
and an overall range in width of 14 ft. 

This machine is capable of boring a three-chamber compound 
cylinder in 15 hours or in a year of 3,000 working hours you can 
bore 200 three-chamber compound cylinders. You can also bore 
a simple cylinder in three hours or 1,000 in a year of 3,000 work- 
ing hours. 

On the old style boring mill it has taken from 26 to 28 hours 
to bore a three-chamber compound cylinder. Thus, by the use 
of this modern boring mill, 11 hours can be saved on each three- 
chamber compound cylinder, where it used to take from 8 to Io 
hours to bore a simple cylinder. One of these cylinders can now 
be bored in three hours on this machine; thus making a saving 
of 5 hours on each simple cylinder bored, or over $1,500 a year 
in operator’s wages alone, in addition to increasing the machine 
capacity from only 375 cylinders per year, to 1,000 simple cylin- 
Where 
only 115 three-chamber compound cylinders could be handled 
with the old style boring mill, 
cylinders, thus the 
about 77 per cent. 


ders, giving an output of 625 more cylinders per year. 
the new machine will bore 200 
increasing output of compound cylinders 

If a machine which bores only one chamber of a locomotive 
cylinder casting at one time is to compete successfully with one 
which can bore three chambers simultaneously, it must not only 
bore rapidly, but it must be so constructed so that only one set- 
ting will be required to bring the chambers into position to bore. 
This arrangement has been attained in this new machine, insur- 
ing that after a cylinder has been lined up and clamped on the 
table any of the chambers may be brought exactly into position 
for boring and making it impossible to bore two chambers out of 
parallel unless desired. 


The machine of this design which has been in operation for 
some time at the Topeka shops is giving first-class satisfaction, 
both in its convenience in handling, and in the lower produc- 
tion cost. It is understood that arrangements have been made 
for the Tool and Railway Specialty Manufacturing Company of 
Atchison, Kansas, to handle machines of this type on the market. 





A satisfactory truck bolster requires great strength in the 
horizontal, as well as in the vertical, plane, combined with a cer- 
tain amount of elasticity, and should also be as light in weight 
as possible. The accompanying illustration shows a _ bolster 
which has been designed with all of these conditions, together 
with a number of minor requirements, kept clearly in view. It is 
made of cast steel in one piece, in the form of a truss, the tension 
member being a solid thin plate of cast steel, the compression 
member being considerably wider, and of greater section at the 
edges, is cut out on either side of the center plate to secure light- 














ness. The sides forming the vertical and diagonal members are 
inclined and provide simply sufficient metal to properly take care 
of the stresses, the useless material being cut out, as is shown 
in the illustration. The inclination of the sides permits them 
to assist somewhat in carrying the horizontal as well as the 
vertical stresses, and also allows the use of a deeper truss by 
giving a tension member of a width which will give a clearance 
between the flanges of the commonly inverted channel iron or 
angles forming the truck cross tie. At the same time a compres- 
sion member of even greater width and strength than usual is 
obtained. The side bearings, center plate and dead lever fulcrum 
are cast integral with the bolster, doing away with all riveting. 

These bolsters are made to suit any dimensions or to carry any 
desired weight. Trials on a testing machine have shown that 
the bolster for a 60,000-lb load will show no permanent set at 
100,000 Ibs., and has an ultimate breaking load of 200,000 Ibs. The 
100,000-lb. bolster shows no set at 150,000, and breaks between 
325,000 and 400,000 lbs. 

This bolster is designed and is being manufactured and sold 
by the Gould Coupler Company, 341 Fifth avenue, New York. 


PERSONALS. 


J. F. Marshall has been appointed general store keeper of the 
Wabash Railroad at Canton, Ohio. 





H. Sayles, one of the pioneer railroad men of Buffalo, N. Y., 
died recently at his home in that city. 





The office of general master mechanic of the International & 
Great Northern R. R. has been abolished. 


Tames McDonough has been appointed general foreman of the 
Trinity & Brazos Valley Ry. at Galveston, Texas. 

J. T. Lendrum has been appointed master mechanic of the 
Oklahoma division of the Santa Fe, with office at Arkansas City, 
Kan. 





C. H. Kessler has been appointed mechanical engineer of the 
El Paso & Southwestern R. R., with headquarters at El Paso, 
Texas. 





G. W. Taylor, master mechanic of the Oklahoma division of 
the Santa Fe, has been transferred to the Middle division at 
Newton, Kan. 
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E. F. Fay, master mechanic of the Union Pacific R. R. at Den- 
ver, Colo., has been transferred to Cheyenne, Wyo., as superin- 
tendent of shops. 





J. A. Doarnberger has been appointed master boiler maker of 
the Norfolk & Western Ry., with jurisdiction of the boiler work 
of the whole system. 





J. G. McLaren has been appointed master mechanic of the 
Chicago, Rock Island & El Paso Ry., with office at Dalhart, Tex., 
in place of J. McDonough. 





J. L. Sydnor, formerly bonus supervisor of the Coast Lines of 
the Santa Fe, has been transferred to Topeka as bonus super- 
visor of the Eastern Grand Division. 





J. A. Turtle, assistant superintendent of motive power of the 
Union Pacific R. R., has been transferred to Denver, Colo., suc- 
ceeding E. F. Fay as master mechanic. 





J. F. Whiteford, general roundhouse inspector of 
Fe, has been appointed bonus supervisor of the Coast 
headquarters at San Bernardino, Cal. 


the Santa 
Lines, with 





Michael Flanagan has been appointed master mechanic of the 
Montana division of the Great Northern Ry. at Havre, Mont., 
in place of K. Froburg, transferred. 





G. J. DeVilbiss, superintendent of motive power of the Toledo 
& Ohio Central Ry., has had his jurisdiction extende¢ 
the Marietta, Columbus & Cleveland R. R. 


to include 





The office of J. S. Chambers, superintendent of motive power 
of the Atlantic Coast Line, has been changed from Wilmington, 
N. C., to South Rocky Mount, N. C. 





A. Dinan, master mechanic of the Middle division of the Santa 
Fe, has been transferred to the Missouri division, with office at 
Fort Madison, Ia., in place of J. H. McGoff, promoted. 





T. S. Reilly, associate editor of the Railway and Engineering 
Review, at Chicago, has resigned, to become superintendent of 
the mechanical department of the Canton & Hankow Railway at 
Canton, China. 





C. F. Harding has been appointed professor of the school of 
electrical engineering at Purdue University. Prof. Harding 
comes from Cornell, where he has held the position of associate 
professor of electrical engineering. 





Charles E. Fuller, until recently superintendent of motive 
power of the Chicago & Alton R. R., has been appointed as- 
sistant superintendent of motive power and machinery of the 
Union Pacific R. R. at Omaha, Neb. 





J. P. McCuen, superintendent of motive power of the Cincin- 
nati, New Orleans & Texas Pacific Ry., has resigned that position, 
effective on March 1, when he will take the rest to which he is 
Mr. McCuen entered the 
employ of the Queen & Crescent Route as road foreman on 
March 1, 1882. 


entitled after long years of service. 





The master mechanics of the Atlanta, Birmingham, Knoxville 
and Selma divisions of the Southern Railway, have been trans- 
ferred as follows: John F. Sheahan, Atlanta, Ga., transferred to 
Knoxville, Tenn.; J. B. Michael, Knoxville, Tenn., transferred 
to Selma, Ala.; G. Akans, Selma, Ala., transferred to Birming- 
ham, Ala., and N. N. Boyden, Birmingham, Ala., transferred to 
Atlanta, Ga. It is reported that these changes are in accordance 
with a new ruling on that road which requires the transfer of 
all master mechanics every two years. 





The New York, New Haven & Hartford R. R. has transferred 








master mechanics as a result of the rearrangement of divisions. 
The appointments and headquarters now are as follows: New 
York division, J. M. Collins at Harlem River; the Shore Line, 
P. C. Zang, at New Haven; the Providence, G. A. Moriarity, at 
Providence; the Boston, J. Hocking, at South Boston; Old Col- 
ony, D. R. Killinger, at Taunton; the Midland, J. B. Gannon, 
at East Hartford; the Western, H. C. Oviatt, at New Haven. 
J. McCabe, heretofore engine foreman at the Harlem River ter- 
minal, has been appointed general road foreman of engines, with 
headquirters at New Haven. 


NOTES 


ReFrinep Iron & Steer Co.—This company announces that it has been 
compelled to put in a new 9 in. mill to take care of its increasing business. 
Its mills are located at Pittsburg, Pa. 

Montreat Locomotive Worxs.—The Secretary of State of Canada issued 
Supplementary Letters Patent on Feb. 5 changing the corporate name of 
“The Locomotive & Machine Company of Montreal, Limited,” to that of 
**Montreal Locomotive Works, Limited.” 

Rumor Denrep.—tThe Charles G. Smith Co., 603 Park Building, Pitts- 
burg, Pa., 
effect that since its connection with the Pittsburg Emery Wheel Company 
it has discontinued the machine tool business, is not true. 


announces that the rumor, which has been in circulation, to the 


RounpHovuset Burns.—The roundhouse and machine shops of the Central 
New England Railroad, at Fishkill Landing, N. Y., were destroyed by fire 
In addition to the buildings there was a locomotive and a 
‘Lhe loss was about $100,000. 


American Toot Works Co.—-At the annual meeting of the stockholders 
and directors of the above company held on January 21, the following offi- 
Franklin Alter; Vice-President and General 
Robert S. Alter; Treasurer, Henry 


on February 13. 
number of machine tuols destroyed. 


cers were elected: President, 
Manager, J. P. Doane; 


Luers. 


Secretary, 


Monarcu Emery & CorunpumM Wueet Co.—Mr. Chas. A. Bacmeister 
has been appointed western representative of the above company, with head- 
quarters at Chicago. Mr. Bacmeister has had an extensive experience in the 
grinding wheel field and his friends will no doubt be pleased to hear of 
his new connection. 


Frost Rattway Suppty Company.—At a meeting of the directors of the 
above company, held in Detroit on Tuesday, February 11, the following 
officers were elected: Mr. Harry W. Frost, president; Mr. George A. 
Cooper, vice-president; Mr. Frederick H. Holt, treasurer; Mr. James Whitte- 
more, secretary, and Mr. H. C. Smith, assistant secretary. 


‘HE Dearsorn Druc & CHEmMIcAL Works.—Mr. Robert F. Carr and 
several of his associates in the above company, have purchased the holdings 
of the estate of the late Wm. H. Edgar and at a recent meeting of the 
stockholders the following officers were elected: Mr. R. F. Carr, president 
and general manager; George R. Carr and Grant W. Spear, vice-presidents; 
Wm. B. McVicker, vice-president and general manager; J. D. Purcell, 
assistant general manager; W. A. Converse, assistant secretary and chemical 
director; R. R. Browning, assistant treasurer and A. E. Carpenter, superin- 
tendent. 

G. Drovve Co.—At the annual meeting of the directors of the above com- 
pany, held on Feb. 3, Mr. G. Drouve was elected president and treasurer, 
and Mr. William V. Dee secretary. Mr. Dee, who recently resigned from 
the staff of the Reilway Age, has also been appointed general sales manager. 
This company manufactures the “anti-pluvius’’ sky-light, of which 125,000 
sq. ft. have been installed at the Hoboken terminal of the D. L. & W. 
Railroad, and the Lovell window operating device, which is in use in the 
shops of many of the railroads, as well as the Drouve ventilators, drying 
stoves, etc. It will exhibit its sky-light and window operating device at 
the annual convention of the American Railway Engineering and Mainte- 
nance of Way Association, to be held at Chicago March 17 to 19. 

PassENGER Car J.1cuTinc, CanapiaAn Paciric Rattwoy.—The Safety Car 
Heating and Lighting Company has just completed the installation of 8,000 
of its latest single mantcl lamps in cars on the Canadian Pacific Railway. 

f giving 99.5 candle power with a gas con- 
These man- 


This type of mantel is capabl 
sumption of 2.12 cu. ft. per hour, which costs about one cent. 
tels have more than met the expectations of the company in regard to the 
length of service, as they have averaged a life of more than four months 
srvice, while the expectation did not exceed a life of three 
months. In connection with this new equipment the Pintsch Compressing 
Company has completed the installation of plants at Vancouver, Moose Jaw 
and Winnipeg, Canada, for charging facilities on the 


Canadian Pacific Railway at Montreal and Toronto. 


CATALOGS 


IN WRITING FOR THESE PLEASE MENTION 
THIS JOURNAL, 


in actual 


and has arranged 





Lock Nuts.—Wm. Howard Co., Philadelphia Bourse, is issuing a leaflet 
illustrating and describing the Blanton lock nut. This nut is made in sizes 
to fit bolts from 14 to 4 in. in diameter. 
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New Prices.—The Burke Machinery Company, Cleveland, O., is issuing 
a sheet of new prices of the machines manufactured by it. These include 
milling machines, drill presses, cut-off saws, oil forges, etc. 

Vises.—The Hollands Mfg. Co., Erie, Pa., is issuing catalog A2, illustrat- 
ing and describing a large variety of vises, plumbers’ tools and natural gas 
burners. A table of sizes, capacities and prices is included with each tool. 


Cast Street Borsters.—-The Gould Coupler Company, 341 Fifth <Ae., 
New York, is issuing part catalog No. 4 illustrating and describing the 
“Crown” cast steel body and truck bolsters, which are designed to give a 
maximum strength with a minimum weight, 


VALVES FoR Higiu Pressure.—Jenkins Brothers, 71 John St., New York, 
is issuing a supplement to its 1907 catalog, which supersedes pages 70 and 
71 therein and gives illustration and description, as well as details of sizes 
and prices, of extra heavy gate valves for 150 and 250 lbs, steam pressure. 

Arr Compressors.—The Bury Compressor Co., Erie, Pa., is issuing two 
new bulletins. No. 30 contains illustrations and full description of duplex 
and compound air compressors either steam or belt driven in all practical 
sizes and capacities. No. 32 treats in a similar manner the center crank 
design of air compressors and vacuum pumps. 

RAILroap SIGNALING.---The Union Pacific Railroad is issuing a very at- 
tractive pampiilet containing a large number of three color views showing 
the automatic signals installed on that system. These pictures are accom- 
panied by a description of the apparatus and an account of its working. A 
brief history of railway signaling is also given. 

Instructions ror Ustnc THermit.—The Goldschmidt Thermit Co., 90 
West St., New York, is issuing a book giving full instructions for the use 
of thermit in repair work. This includes a list of the tools and appliances 
required for different classes of work and detailed explanation of the 
proper method of preparing the work and making the weld. 





STEAM AND WATER SpEcIALTIES.—The Golden Anderson Valve Specialty 
Company, Fulton Building, Pittsburg, Pa., is issuing a leaflet which illus- 
trates and describes pressure reducing valves, non-return valves, tilting 
steam traps, float valves, altitude valves, clean seat valves, gauge cocks and 
water gauges. 
ties. 


These valves are made for serving all pressures and capaci- 





Founpry INFOoRMATION.—The January issue of the ‘“‘Obermayer Bulletin” 
of foundry information, published and issued by the S. Obermayer Com- 
pany, Cincinnati, O., contains a number of most interesting articles on dif- 
ferent phases of foundry practice, 
skilled in the subject. 
whe desires it. 


which are written by practical men 
This bulletin will be sent free to any foundryman 


Seconp-Hanp MACHINERY.—The Niles-Bement-Pond Company, 111 Broad- 
way, New York, is issuing list No. 15 of second-hand metal working ma- 
chinery. This includes a brief, but complete, description of 340 different 
machine tools, including practically all designs and sizes of metal working 
tools, The present location of the machine, its weight and its general con- 
dition are included. 

Beit Conveyors.—The Jeffrey Mfg. Co., Columbus, O., is issuing a 
booklet Jargely given up to illustrations of installations of rubber belt con- 
veying machinery for hanaling material of various kinds. The wide range 
of usefulness, and the large capacity, of this type of conveyor is clearly 
shewn in the photographs. Prices of the belts and rollers of different 
designs are included. 

Steer Tires.—A paper read before the Western Railway Club, on Octo- 
ber 18, 1907, by Mr. George L. Norris, on the subject of ‘‘Causes of defects 
and failures of steel tires,’’ has been reprinted in a standard size booklet 
by the Standard Steel Works, Harrison Building, Philadelphia. This paper 
was a most complete presentation of the subject and included a large num- 
ber of illustrations. 





The discussion of the paper is also included. 

Catenpars.—Among the calendars received for the current year the ones 
from the following named companies are especially noticeable: The American 
Wood Working Machinery Company; H. B. Underwood & Co.; Flannery 
Bolt Company; Bangor & Aroostook Railway Company; Hazard, Cotates & 
Bennett Company, and the Falls Hollow Staybolt Company. The latter is 
an excellent reproduction of a famous painting by Franz Charlet entitled 
“The First Days of Spring.” 

Stream GAUGES AND Vatvrs.—The American Steam Gauge & Valve Mfg. 
Co., 208 Camden St., is issuing a new 246 page cloth bound 
catalog, completely ilustrating and describing the large variety of gauges, 


3oston, Mass., 


valves, indicaters, and kindred appliances for governing, indicating, meas- 
uring, recording and controlling steam, water, air, gas, oil, ammmonia and 
other pressures, manufactured by it. The information in the catalog is 
mest complete and it should be available for reference by every one having 
anything to do with these appliances. 

Arr Brake Lvusricatton.—The Joseph Dixon Crucible Co., Jersey City, 
N. J., is issuing an attractive leaflet, printed in two colors, under the above 
title. ‘The descriptive matter includes a description of the air brake testing 
rack at Purdue University and gives an account of tests made with Dixon 


flake graphite on it. Following this is a description of the value of air 
brake and triple valve grease and a note as to the parts of the air brake 
system on which it can be used to advantage. Several pages are given up 
to a discussion of the lubrication of air pumps. 

Recorp No. 64.—The Baldwin Locomotive Works has recently issued a 
new record which includes a brief history of the Central Railroad of Brazil, 
and gives illustrations and complete descriptions of the large number of 
locomotives which have been built for that company by the Baldwin Loco- 
motive Werks. Jfhese include many types and designs for both narrow and 
full gauge tracks. ‘This company has furnished altogether 296 locomotives 
for this road. The company, through its extra work department, also fur- 
nishes parts for repairs for all of these locomotives. 





Suay GrearepD Locomotives.—The Lima Locomotive & Machine Company, 
Lima, O., is issuing one of the most attractive standard 6 x 9 in, catalogs 
that has come to our notice. This catalog bears the No. 151 and contains 
illustrations of a large number of locomotives, together with the principal 
dimensions and hauling capacities of both Shay geared and direct connected 
or rod types, built by this company. The standard specifications for con- 
struction, as well as some other useful general information is also included. 
This company builds logging cars as well as locomotives. 

JournaL Boxes.—-The T. H. Symington Co., of Baltimore and Chicago, 
have recently published an attractive catalog, briefly worded, but illustrating 
very fully by half-tone cuts the various types of Symington journal boxes 
which it manufactures to suit different classes of service. Its now well 
known “torsion spring’ lid is recommended for freight service and the 
“Pivot” lid for passenger cars and locomotive tenders. In addition atten- 
tion is called to this company’s ability, as specialists and experts in the 
line of journal box manufacture, to furnish boxes of any design desired. 

: nes 

“Tue Man Wuo Dipn’t Know WueEn He Hap Fatrtep.”—A most artistic 
and attractive booklet bearing the above title has been received from the 
Carborundum Company. It is a very interesting story by Mr. F. W. Has- 
kell, reciting the development of the manufacture of carborundum. This 
substance fifteen years ago was sold by the carat and commanded a price of 
$880,000 a ton and the total world’s output at that time was four ounces a 
day. From that beginning the Carborundum Company was 
evolved, which has an output of ten million pounds a year. The booklet is 
illustrated with appropriate marginal sketches. 


present 


Loncest Narrow Gauce Ratiway.—The Arthur Koppel Company, Ma- 
chesney Pa., is issuing a pamphlet containing a 
reprint from the London Engineering, which describes the features of con- 
struction of the longest narrow gauge railway in the world, built by this 
company in German-Southwest Africa and known as the Otavi Railway. 
It 1s a most interesting piece of construction and. the rolling stuck as well 


Buiiding, Pittsburg, 
§ g 


as the bridges, yards and track work, are thoroughly illustrated and de- 
scribed in this article. The work was accomplished under the most diffi- 
cult conditions of climate and labor and reflects great credit on this 
company. 


Sprincs.—-The Standard Steel Works, Harrison Building, Philadelphia, 
Pa., is issuing a standard size catalog on the subject of springs for stcam 
or electric railways. 
elliptical, 


It illustrates several of the more important designs of 
semi-elliptical and coiled springs which are now. in use on 
steam and electric roads; gives a brief description of the salient features of 
each design, and also includes views of the spring department of these 
works. The large capacity of the storage racks, which permits the carrying 
af sufficient quantities of flat and round bars to meet the heavy demands, 
puts this compary in a position to start work immediately upon any design 
of springs desired without any delays occasioned by the non-arrival of vars 
from tke steel mills. 

THe WEATHERING oF CoAL.-—Bulletin No. 17 of the Engineering Experi- 
ment Station of the University of Illinois, which relates to the weathering 
of coal and the losses in fuel values which accompany storage under various 
conditions, has just been issued. This recounts a series of tests by S. W. 
Parr and N. D. Hamilton, which add materially to the information on this 
subject and gives a much better understanding of matters pertaining to 
weathering, spontaneous combustion and other difficulties which attend the 
storage of coal in large masses. Other bulletins being issued by the Uni- 
versity are No. 19 on comparative tests of carbon, metallized carbon and 
tantalum filament lamps, and No. 16 which presents the results of several 
years study on trussed roofs by N. Clifford Ricker, professor of archcitecture 
at the University. The bulletins can be obtained upon request. 

EvectricaAL MacHInery.—Among the many bulletins being issued by the 
General Electric Company might be mentioned bulletin No. 4559 on the sub- 
ject of direct current motor starting devices. These are improved instru- 
ments and are very completely illustrated and described in this bulletin, 
practically any desirable design being obtainable. Also buletin No. 4564 on 
the subject of centrifugal air These are low pressure ma- 
chines, having a rating from .88 to 4 lbs. per square inch and a capacity 
from 750 to 10,000 cu. ft. of free air per minute. These sets are fur- 
nished driven either by Curtis steam turbines, direct current motors or 
induction motors. They are for either pressure or exhauster service, being 
specially adapted for ventilation. Bulletin No. 4562 is on the subject of 
mi'!l type motors, which are built in sizes from 30 to 150 h. p., in either 
direct or alternating current types. These motors are specially designed 
for very heavy intermittent loads; are completely enclosed and dust proof. 


compressors. 











LOCOMOTIVE FUEL ECONOMY 





“Of the one hundred million tons of coal used in the railway locomotives each year, not 
more than five per cent. of the heat developed is converted into the actual work of pulling trains, 
yet these railways must annually haul three million cars of coal to keep these locomotives 


moving.” 





The purpose of this article, or study, is to present the import- 
ance of the locomotive fuel question as forcibly as possible and 
to direct attention to the great possibility of savings which may 
be made in that direction. An attempt has been made to bring 
out the best practices in use, or in the process of being developed, 
on different railroads in connection with the various phases of 
this question—from the purchase of the fuel to its use on the 
locomotive. Where reports of experts were available as to any 
part of the problem, and it is a large one, they have been made 
use of. A study of the locomotive fuel question, no matter how 
complete it may be, cannot be considered as having exhausted 
the subject, because of the 
crude state of the problem and 


able attention to its inspection, handling and economical use. It 
is surprising, therefore, to find how little attention is given to 
this question and how little its importance seems to be appre- 
ciated. The fuel resources of this country are not unlimited 
and the cost of fuel is advancing. Reduced rates and increased 
cost of labor and material make it necessary for the railroads to 
study possible economies closely, and there seems to be no more 
promising field than this item of fuel—from its purchase to its 
use on the locomotive. Several of the railroads have recently 
started to take active steps in the direction of fuel economy. 
Most of these have concentrated their entire attention on some 

particular phase of the ques- 

tion, such as inspection, distri- 
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amounts to $67,360,934 as com- 

pared to $80,554,716, the cost 

of fuel. In arranging the table several large systems in each 
part of the country have been selected. 

A study of the ratios of the cost of fuel to the total operating 
expenses brings out some interesting facts. The ratio is highest 
(from 13 to 17 per cent.) on the New England and Middle West- 
ern roads and on the Seaboard Air Line. It is lowest on the 
Chesapeake & Ohio (7.81), Louisville & Nashville (8.01), Penn- 
sylvania Railroad (9.25), and Baltimore & Ohio (9.34). On the 
other roads it ranges between 10 and 13 per cent. On fifteen of 
the nineteen roads the wages of enginemen and engine house 
men combined is less than the cost of fuel—in some instances 
very much less. On the Pennsylvania Railroad these two items 
are about equal, while on the Baltimore & Ohio, Chesapeake & 
Ohio and Louisville & Nashville, the wages are higher than the 
cost of fuel. 

It would be reasonable to suppose from the.importance of the 
fuel item that the railroads as a whole would devote consider- 


the fuel question.) 

The investigations that have 
been conducted at St. Louis, at Norfolk, and at Denver, during 
the past three years, had for their cardinal purpose the compari- 
son of one character of fuel with another. It was hoped—and 
in part only was that hope realized—that the engineering inves- 
tigations would give us results even more valuable than they 
were; but the equipment which we were compelled to use in the 
beginning was selected because it represented the ordinary power 
plant in use in the United States, and the comparisons of the 
various fuels have been made on this- equipment with only such 
slight modifications as were feasible at the time. 

It has been common to find, where there is a vein eight feet 
in thickness, that two or three feet is left unmined and is per- 
manently lost, because of the subsequent caving in of the mine. 
We have found, furthermore, that there is no sharp line drawn 
between high grade and low grade fuels; that in certain mines 
the amount of coal left unmined, under the ground, exceeded 75 
per cent. of the total available coal, and the average result is 
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that at least 50 per cent. of the possible coal supply in these veins 
is left under the ground and unrecoverable. I recall one case 
in particular in which out of a possible 25-foot vein of coal, 
only four feet were taken out, because of unskillfulness in min- 
ing, and the rest left underground and practically destroyed. 
The carelessness with which coal miners have gone to work 
mining the lower seams and allowing cave-ins to follow, has had 
the result of leaving the coal in the higher seams unmined and 
practically lost because of the caving-in of the adjacent material. 
In West Virginia, and in Ohio, and in various other places, the 
cost of mining has been greatly increased, entirely out of pro- 
portion to the amount of coal that has been mined, because of 
this carelessness. 

[ desire to call attention to the possibility of utilizing these 
coals by the location of plants at the mines, thus avoiding the 
cost of transportation. Consider a single illustration. Take the 
Pennsylvania Railroad, which uses 40,000 tons of coal every day 
in its own locomotives. If, as is now being attempted, all of that 
power can be generated from low grade fuels not now utilized 
at all, we shall see an enormous gain in the direction of a solu- 
tion of our fuel problems and our problem of transportation 
would be vastly simplified. Consider for a moment what the 
application of this same thought would mean to the 100,000,000 
tons of coal now annually consumed in our locomotives. 

Very few persons realize that so rapidly is the fuel industry 
developing that during each succeeding decade for the past 
eighty-five years the amount of coal mined and used in the 
United States has equaled that of all the preceding decades; 
so that the amount of coal mined and used between 1895 and 
1905, was equal to that mined and used during the preceding 
seventy-five years. Now, there has not been a corresponding in- 
crease in efficiency, nor has there been any marked gain in the 
utilization of the low grade materials. What we are doing at 
the present time is skimming the surface, using the high grade 
coals and leaving the low grade coals—using the surface coals 
and leaving the deeper coals. Therefore, we are approaching 
a condition where our coal cost will be greatly increased and the 
amount of available high grade coal very much diminished. I 
ain not now prepared to say when that time will come, but we 
trust that our coal supply will last as long as that of any other 
country; still we must awaken to the fact that our high grade 
coals are passing so rapidly, that coal lands used for supplying 
coke and for other special purposes, in Maryland and in West 
Virginia, cannot be purchased in many sections for less than 
$1,500 to $2,000 an acre. 

I may say, in conclusion, that while these investigations have 
been in part under the supervision of this and the allied engi- 
neering societies, the President of the United States has, in his 
message to Congress, recommended the establishment by the 
Government of a special bureau for mining and engineering in- 
vestigation, in which the work initiated at St. Louis in a crude 
way may be placed upon the highest possible plane as to equip- 
ment and mining and engineering data. It is proposed, further- 
more, that this new bureau shall be independent, and shall be 
placed entirely under the supervision of the representatives of 
national engineering societies and other allied bodies, who, to- 
gether with those chiefs of Government bureaus who have to do 
with actual construction work, shall direct the energies of the 
department. 

Government Fuel Investigations. 

A brief statement of the purposes of the Government fuel in- 
vestigation and what has thus far been accomplished may be of 
interest in connection with Dr. Holmes’ remarks. 


The purposes of these investigations are: 

To lessen the waste of the nation’s fuel supply by show- 
ing how fuels can be mined and used more efficiently. 

To extend the nation’s supply of fuel, and lessen the 
transportation cost by indicating how lignite, peat and other 
materials, now little used, may become locally valuable as 
fuels in portions of the country having no ordinary coal. 

To find how to prevent the spontaneous combustion of 


coals in storage, on ships, naval stations, at the mines, etc. 

To remedy the loss sustained in the production of fine coal 
in mining through slacking, etc. 

To demonstrate the saving of by-products now wasted in 
the manufacture of coke, which if completely saved would 
be worth at present prices more than $50,000,000 yearly, and 
prevent large imports of such by-products. 


The present waste of fuel: 

Approximately 50 per cent. of the possible coal supply is 
now lost by being left underground or wasted before reach- 
ing the furnace. 

Of many Mississippi Valley and western coals from 30 to 
50 per cent of the total product mined comes out in the form 
of “slack” which is often sold at less than cost, or accumu- 
lates and is burned about the 

Of the fine portion of these Mississippi and western coals 
put into furnaces often I0 to 25 per cent. is unconsumed and 
lost in the ashes. 

Of all the coal actually burned only about 5 per cent. of 
the heat units are actually converted into work. 

In the coking of 40,000,000 tons of coal yearly, there are 
now wasted ammonium sulphate enough to fertilize our 
crops; creosote enough to preserve our timbers; pitch and 
tar enough to roof our houses and briquette our slack or 
waste coals. 


mines. 


It has demonstrated: 

The possibility of utilizing for power purposes the large 
and undeveloped areas of lignite and low grade coals of the 
west and southwest. 

The practicability of using in gas producers, for power 
purposes, ordinary bituminous coals and lignites, and of thus 
obtaining from each ton of coal more than 2%4 times as 
much power as is obtainable in ordinary steam power plants. 

The possibility of making coke from a number of coals 
not considered generally as coking coals. 

Some of: these results are not only new, but were believed 
to be impracticable when these investigations were begun. 
These and other results are worth to the country many hun- 
dred times the total cost of this work. 


Some benefits resulting from this work. 


The Grade of Fuel to Use in Locomotives. 


One of the most important considerations in connection with 
the question of fuel economy is the selection of the proper grade 
of fuel. It must be fairly uniform in quality or it will be im- 
possible to use it economically. A front end arrangement, or 
grates suitable for one grade of coal, may be entirely unsuited 
for another and the fireman cannot obtain good results where 
the grade of fuel is constantly changing. 

Ordinarily it is not possible for the railroads to secure a run 
of mine coal. A 5 or 6 in. screen is used at most of the mines 
and the larger coal is used for commercial purposes. The mines 
can usually insist on this because the railroads can secure a long 
haul on the superior grade of coal. On the other hand the mine 
operators are anxious to make contracts with the railroad com- 
pany to insure keeping the mines in operation during the summer 
months when the commercial requirements are light. During the 
dull period the work is usually confined largely to the making of 
headings and the opening of new rooms and in getting things in 
shape to be pushed when the heavy demand comes. The rail- 
roads thus often secure a better grade of coal during the sum- 
mer months than during the remaining part of the year. While 
there are instances where it might be in the interests of econom- 
ical locomotive performance to confine the buying of coal to cer- 
tain mines, yet the development of the district and the building 
up of traffic along a certain part of the line might make it ad- 
visable to secure coal from other mines. While the railroads 
usually do not get the best grade of coal, they pay less for it. 
Roughly, the mine operators get from 10 to 40 per cent. more 
for commercial coal than for railroad coal. 

While the above considerations are important they should not 
be allowed to overshadow the desirability and importance of 
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buying the coal on a heat value basis. There is a great difference 
in the heat value of different coals, and while the subject has 
been given very little attention by most of the railroads, it is 
of prime importance. It is of interest to note that as a result 
of coal tests made at St. Louis by the United States Geological 
Survey, the Government is purchasing coal for about forty de- 
partmental buildings in Washington, and for public buildings 
throughout the country on a simple specification, the prime ele- 
ments in which fix the amount of ash and moisture in anthracite 
at seven per cent. Premiums are paid for any decrease in the 
ash content up to two per cent. above the standard, and corre- 
sponding penalties are fixed for any increase in ash above the 
standard. Better and more complete specifications, but more 
difficult for the dealer to fulfil, have been fixed by a few of the 
largest manufacturing and power concerns of the country, in 
which penalty and premium are paid not only on account of ash 
and moisture content, but also on the basis of the British thermal 
units as specified in the contract. 

It is possible, on a railroad, to make simple evaporative tests 
in actual service by which the comparative heat values of the dif- 
ferent coals may be determined. These results will enable the 
railroads to place their coal contracts to the best advantage. The 
extent to which the heat value should govern in the purchase of 
the coal is considered in the section on “Distribution.” 

M. N. Forney, in an article in this Journal, in June, 1901, had 
this to say concerning the most economical coal to use on a rail- 
road: “If, through an accident, an employee or passenger should 
have his toes cut off and should make a claim for damages, the 
most skilful legal counsel and expert testimony would be de- 
voted to the defense of the company, and to resisting the pay- 
inent of the value of the lost toes; but the cases in which rail- 
road managers have been willing to pay anything at all to an 
expert to tell them how they could save a hundred or a thou- 
sand times the amount of his fees, by indicating which was the 
most economical coal to use, are very few. One reason for this, 
in some cases, is that the award of contracts for supplying coal 
is decided with loaded dice, and contracts are given to parties 
who have ‘influence’ at headquarters. However that may be, it 
is certain that it would be immensely profitable to almost any 
railroad company to give thorough and intelligent investigation 
to the quality of fuel used on its line.” 





Fuel Tests. 


In determining the heat value of the different grades of coal 
used on the railroad, evaporation tests should be made on a loco- 
motive in preference to laboratory calorimeter tests. The actual 
burning of the coal in large quantities under service conditions 
may be ettended by features which would make it impossible to 
obtain the full value of the heat units, as shown by the calori- 
meter tests. More reliance would also be placed on an actual 
test of 100 or more tons of coal, as compared to 6 to 20 one- 
gram samples taken from 200 or 300 lbs. of coal. 

A practical and successful method of making locomotive evap- 
oration tests may best be explained by quoting from a paper on 
“The Influence of Heat Value and Distribution on Railway Fuel 
Cost,” presented before the Western Railway Club in November, 
1907, by J. G. Crawford, fuel engineer of the Chicago, Burling- 
ten & Quincy Railroad. 

“The coals should be tested in groups, and in order that differ- 
ent groups of coals may be compared, even though the tests 
are made 1,500 miles apart, each group of tests, as well as the 
individual tests, should be carried on under similar conditions. 
The unit of comparison for coals is the number of pounds of 
equivalent water evaporated per pound of coal. It is evident 
that the following items will affect this ratio or unit of com- 
parison: Kind of coal; class of engine; condition of engine; 
engine crew, especially the fireman; class of service. Since the 
object of coal tests is to determine the comparative value of 
various coals, all of the above conditions should be kept as uni- 
form as possible. These items will be referred to below. 

Selection of Division for Tests.—‘“Coals should be tested on a 
division where they are being used, as the firemen are already 


accustomed to them. When coals which differ materially from 
those habitually used are to be tested, a number of trial runs 
must be made until the firemen can properly fire the coal. 

Class of Engine.—“If possible all the tests made on one rail- 
road system should be made on one class of engine. This is 
advisable in order that the coals tested at one end of the system 
can be cumpared with those tested at the other end without hav- 
ing to correct for the difference in evaporative efficiencies of the 
engines. 

Condition of Engine.—“Engines should always be in good con- 
dition, and this applies especially to condition of flues and fire- 
box. Whether a brick arch is used or not, the conditions in this 
particular should be the same in all tests. 

Enyine Crews.—“During a series of tests the same firemen 
should be used throughout, thus avoiding any difference on this 
account. It is not so important that the same engineers be used, 
for while one engineer may use more steam than the other, the 
ratio of the coal to the water used will not change materially. 

Clauss of Service-——‘“Passenger is preferable to freight service 
cn account of the more uniform conditions. It is desirable that 
the lime between terminals, the time using steam and the weight 
of the trains shall be nearly uniform from day to day, and that 
ihe average of these values for all tests made with each kind of 
coal shall be nearly the same. When tests are conducted in 
freight service at least twice the length of time will be required 
to test one kind of coal, and the expense will be more than 
doubled on account of additional coal weighers being required. 

Organization of Test Party.—“At each terminal a fuel tester 
is located to take charge of the supply and weighing of the test 
coal and to see that none of the weighed coal on the engine is 
used during its stay at the terminal. The coal weigher is re- 
lieved by an engine observer before the engine leaves the round- 
house, and he stays with the engine until relieved by the coah 
weigher at the other terminal. The engine observer keeps record 
of coal, water, steam pressures, stops, shut-offs, etc., in a printed 
thumb-indexed note book made up of seven printed forms and 
three blank pages. The note book and details of the individual 
pages are shown in Fig. 1. From four to eight men are required 
to make the tests properly, according to whether one or two en- 
gines are used and whether they are single or double crewed. 

Number of Tests.—“Exclusive of that used for firing up, 
about 150 tons of each kind of coal should be used on the tests. 
From six to eight round trips should be made with each coal, and 
where two firemen are used half the tests should be made with 
each fireman. This is necessary, as one fireman might be slightly 
better than the other. Tests in one direction on account of 
grades, speed or number of cars may be more favorable than in 
the other, hence the same number of trips in each direction are 
necessary. 

Results—“The data taken each test are recorded on 
blanks, shown in Fig. 1, and the more important totals and aver- 
ages recorded on the final result sheet of which Fig. 2 is a re- 
production. The data and computations of each test are re- 
corded in a column and the average for all tests in the average 
column. In a series of tests which have all been conducted under 
similar conditions, the heat value of each coal is proportional to 
the average of items No. 35 which shows the equivalent number 
of pounds of water evaporated from and at 212 degrees per 
pound of coal.” 

While the above tests are possibly more elaborate than some 
of the smaller roads would care to undertake, results of consid- 
erable value may be obtained from tests made by one or two 

It is essential, however, that the firemen be familiar with 
coal before the test trips are made and that several test 
be run with each coal in order to secure fair average re- 


for 


men. 
each 
trips 
sults. 

By testing the coal in passenger service the tests may be made 
in from one-third to one-half the time required in freight ser- 
vice, and there is no reason why the tests should in any way de- 
lay the passenger trains. The difference in the kind of service 
should not affect the comparative efficiency of the coals to any 
great extent, but all of the tests should, of course, be made in 
the same class of service. 
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Inspection at the Mines. 


Fuel for locomotives is the largest single item in the cost of 
conducting transportation, except on some of the eastern roads, 
where the item of wages for enginemen runs as high and in 
some instances slightly higher. On a large railroad the inspec- 
tion branch of the mechanical department cost last year 1% per 
cent. of the value of all the material used in that department, 
subject to inspection. The coal inspection for the same time 
cost only one-twelfth of one per cent. of the fuel bill. 

There is no question but that the possibilities of saving due 
to a careful inspection of fuel are very great, and yet few of the 
roads have taken any important steps in this direction. 

Under present conditions the mines are, in many instances, 
able to unload a lot of undesirable and oft-times worthless coal 
on the railroads simply because they know it will not be detected 
until it gets to the fireman, and then, although he may complain, 
there is no one whose business it is to follow the matter up. The 
inspection of fuel should be placed in the hands of some person 





to four tons. A little attention to this matter resulted in a con- 
siderable improvement. 





Distribution. 


On the larger railroad systems, where there are several sources 
of supply, the problem of buying and distributing the coal to the 
best advantage is a serious one. Ordinarily this question is not 
given the thought and attention which it should have, but is de- 
cided for reasons which seem important but which do not prove 
to be the most important ones when the question is given more 
careful study. An ideal and practical method of controlling the 
distribution to the different coaling stations was presented 
by J. G. Crawford, fuel engineer of the C., B. & Q., in the paper 
which he presented before the November, 1907, meeting of the 
Western Railway Club. The idea is simple, and is based on 
good hard, common sense. Certain traffic conditions may arise 
which will make it necessary, or advisable at times, to tempo- 
rarily interfere with such a system of distribution and the gen- 
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FIG, 2.—SUMMARY SHEET FOR RESULTS OF LOCOMOTIVE FUEL TESTS. 


or department. A sufficient force of inspectors should be pro- 
vided to watch the output of each mine closely. If there is 
any question as to change in the grade of coal, as concerns its 
heat value, it may be checked roughly by laboratory calorimeter 
tests, which are simple and inexpensive. 

Under present conditions most roads have no way of detect- 
ing whether the proper size screens, or any screens at all, are 
used at the mines and often a large amount of slate and rock is 
included, which is not only worthless but interferes greatly with 
the performance of the locomotive. Another important feature 
is that the weights should be checked and precautions taken to 
make sure that the scales at the coal tipples are accurate and in 
good condition. Another fruitful source of economy is to see 
that each one of the coal cars is loaded to its capacity, and so 
loaded that the coal will not be lost off in transit. A complaint 
was made in a certain district last year, during the time of car 
shortage, that the mines were short 70 or 89 cars a day. Investi- 
gation showed that to each loaded car could be added from one 


eral plan may have to be modified because of certain traffic con- 
ditions; the fuel department should, of course, keep in close 
touch with the car service and traffic conditions. 

Because of the importance of Mr. Crawford’s paper and the 
fact that the system advocated by him is eminently practical as 
a basis upon which to work, that portion of the paper which 
refers to the distribution of fuel is reproduced complete. The 
paper was thoroughly discussed at the meeting and the foot 
notes, which are used, refer to facts which were brought out in 
connection .with the discussion. The advantages of this system 
of distribution are the possible reduction in the cost of fuel, 
the improvement which may be made in locomotive service by 
supplying a uniform grade of coal over a division and the in- 
creased earning capacity of the coal cars. For convenience Mr. 
Crawford has assumed a hypothetical case—a railroad known as 
the A. B. C. R. R. System. The first step would be to test the 
different coals which were available and the following results 
are assumed to have been obtained: 
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Equivalent Evaporation 


Name of per Pound 
Coal. of Coal, Actual. Rank. Price per Ton. 
A 5.60 80.0% $1.50 
B 5.60 80.0 1.30 
G 6.30 90.0 1.30 
D 6.30 90.0 1.60 
E 7.00 100.0 1.30 
F 7.00 100.0 1.10 
G 7.70 110.0 1.40 
H 7.70 110.0 1.20 
I 8.40 120.0 2.10 
J 8.40 120.0 2.50 


“The above coals do not necessarily represent individual com- 
panies or mines, but coals of equal heat value and price from 
the same point of distribution are included under one name. For 
convenience the coals have been assumed to be poorer and better 
than the standard coal by multiples of 10 per cent. The prices 
selected in most cases bear little or no relation to the heat value, 
which is true under actual conditions. 

Coal Distribution, A. B. C. Railroad.—“For convenience the A. 
B. C. Railroad System, as shown in Fig. 10, has been assumed as 
having the following requirements and conditions: 

Coaling stations require respectively the equivalent of 100, 
200 and 300 tons of standard (100 per cent.) coal per day. 

That the railroad can get as much coal as it desires from all 
the sources of supply. 

That all these coals will mix with each other without addi- 
tional trouble from clinkering, etc.* 


Cost of handling at chutes, ten cents T per ton. 


Cost of haulage from source of supply to chute, two mills per 
ton mile.t (Under the accounting system put in force by the 
Interstate Commerce Commission on July Ist no charge is made 
against the fuel account for the haulage of coal on a company’s 
own line. This has been the practice, at least on the more im- 
portant lines, for a number of years past; although about Igo! 
at least two of the important systems charged their fuel account 
with the haulage of company coal at the rates of three and five 
mills per ton mile, respectively. Whether or not the haulage of 
company coal on a company’s own line is, or is not, charged to 
the fuel account, is a matter of no importance, as the cost re- 
mains the same in either case, but in order to work out the 
best coal distribution it is a matter of the utmost importance to 
know accurately this cost of haulage. The above rate of two 
mills per ton mile is probably too low in most cases, but is se- 
lected at this tigure to simplify the computations to follow. 


Competitive Points —“The price and heat values of the coals 
have been so selected that they illustrate a number of combina- 
tions that arise in practice which will be taken up under the 
following headings: 


Equal Heat Value, Unequal Price and Same Source of Supply. 
—“Coals G and H having the same heat value, and being sup- 


* If the difterent coals will not mix without clinkering, or if the engine, 
as drafted for one of them, is not suitable for the other, the distribution 
should be modified to overcome it. H. T. Bentley, of the Chicago & North- 
western, called attention to a remarkable improvement in the performance 
of engines on that road due to an arrangement made by the purchasing 
agent whereby all the principal divisions are now served with either Illinois 
or lowa coal entirely. Previous to this change some of the divisions had 
been served partly with one and partly with the other. 


+ On the Frisco System we are distributing coal on practically the basis 
outlined by Mr. Crawford, taking into account first cost, evaporative effi- 
ciency, labor of handling at 8 cents per ton and haul at three mills per ton 
mile. After making this distribution, which is revised from time to time 
(the efficiency of coals determined by actual locomotive test) we attempt in 
addition to take into consideration the difference in grade conditions as 
wel! as the direction of the prevailing light tonnage movement.—Eugene 
McAuliffe. 


t There are many traffic conditions which will arise that will tend to make 
any predetermined coal distribution uneconomical for a short period on 
account of some haulage rate increasing; on the other hand there will be 
cases where the traffic conditions will tend to lower the established haulage 
rate. Thus, the advantage of the fuel department keeping in touch with 
the car and traffic situations, as mentioned by one of the speakers.—J. G. 
Crawford, 

t The enormous cost of haulage of company coal is not as a rule fully 
appreciated. Company material amounts to about 10% of the total traffic of 
a railroad and the majority of this company material is coal. The impor- 
tance of keeping the ton mileage of company material, and especially coal, 
to a minimum is thus seen. This can best be accomplished by knowing what 
the haulage of company material is costing and the most elaborate method 
of determining this would necessitate each shipment of company material to 
be billed at a rate representing the cost of haulage. In the case of coal 
the above results can be accomplished in a simple manner; thus: Each 
coaling station can arrange to keep record on a suitable form of a number 
of tons of eath kind of coal used each month. This blank will then be 
forwarded to headquarters and the cost of haulage and handling inserted. 
This blank then gives a complete cost of the coal for each coaling station 
for each month and this cost is subdivided between first cost, haulage and 
handling. A summary .of these blanks and comparison from month to 
month will soon show where improvement is to be made.—J. G. Crawford. 


plied from the same points should cost the same. As $1.40 per 
ton is asked for G and $1.20 for H, G should not be used, and 
thus is eliminated from consideration. 


Equal Heat Values, Unequal Price and Different Sources of 
Supply—“Coals J and I, Fig. 4, have the same heat value and J 
is supplied at $2.50 per ton from a station No. 4, 300 miles from 
station No. 43, where I is supplied at $2.10 per ton. The di- 
viding line between coals J and I, which is called the competitive 
point, is found from the following equation in which X is the 
distance from station No. 4 to the competitive point: 


$2.50 + $ .10 + x ($.002) = $2.10 + $ .10 + (300 — x) $.002 
120% 120% 








x = 50 miles 
This shows that at all points north of station No. 38, J coal 
should be used; south of station No. 38, I coal should be used, 


; ‘ AS 50M. 
J-120%-$2.50 


< wi \. 
\ 
ee 39 “ 
we, (2) 
4 40% 
ee \ 
oo™ a. 
42 Wy 
\‘ I-120%-$2.10 
43 
Fig.4 


F-100%-$1.10 





E-100%-$1.30 


Fig.5 


and at station No. 38 either I or J coal can be used, as both will 








cost $2.70 on the engine at that point, made up as follows: 
: : Coal J Coal I 
a Oh Wy BUN eiee ccincyedecedaanaas No. 4 No. 43 
Do ee er er renee $2.50 $2.10 
MEME cic ccctensasarccaweidedascenaats 10 -50 
be eee eee ee Pee Tee 10 10 
Cost on engine per ton............... $2.70 $2.70 
Cost on engine of amount equivalent 
to one ton of standard coal......... 2.25 2.25 


“Coals E and F, Fig. 5, have also the same heat value and are 
from different sources of supply. The equation for finding the 
competitive point of these coals is as follows: 


$1.36 + $ .10 + x ($.002) = $1.10 + $ .10 + (600 — x) $.002 _ 
100% 100% 


x = 250 miles 
“This shows that at station No. 18 both coals cost the same, 


made up as follows: 








Coal E Coal F 

ja A eer ee ye No. 13 No. 25 
} 0 RP ee ee een ee se eres tes $1.30 $1.10 
MEE iv cddacc cela acusunedacavenmes .50 -70 
I iv iicdcekces Wade ccccnealcanas 10 10 
COA Be ORIN io kv cx ccdacdandsdeacas $1.90 $1.90 


Unequal Heat Values, Equal Price, Same Source of Supply.— 
“Coals B and C costing the same, are supplied from the same 
source, but B is an 80 per cent. and C a go per cent. coal. As 
C is 12% per cent. better than B, C should be used and B ex- 
cluded. 

Unequal Heat Values, Unequal Prices, Same Source of Sup- 
ply.—“Coals A and D are supplied from the same source, but are 
different in both heat values and price, A being an 80 per cent. 
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TABLE NO. 1. 


A. B. C. RAILROAD COMPANY. 
PRESENT COAL DISTRIBUTION AND COST OF COAL PER DAY. 





ons Coal Being Used. Haulage. Cost of Coal by Stations. 
Standard Co” ‘ ‘\ A ~ c A ‘ 
Coal Per Ton 
Stations. Required. Kind. Tons. Cost. Miles. Ton-Miles. First Cost. Hauling. Handling. Total. 
200 A 250.0 $1.50 0 0 $375.00 $0.00 $25.00 $400.00 
2 100 A 125.0 1.50 50 6,250 187.50 12.50 12.50 212.50 
3 100 A 125.0 1.50 100 12,500 187.50 15.00 12.50 225.00 
4 300 A 375.0 1.50 150 56,250 562.50 112.50 37.50 712.50 
5 100 D 111.1 1.60 200 22,220 177.76 44.44 2a.88 233.31 
6 100 D Rat. 1.60 250 27,775 177 76 55.55 11.11 244.42 
7 200 D 222.2 1.60 300 66,660 355.52 133.32 22.22 511.06 
8 100 D 111.1 1.60 350 38,885 177.76 ve fi eS p 5 we | 266.64 
9 1090 D 111.1 1.60 400 44,440 177.76 88.88 11.11 277.75 
10 200 D 222.2 1.60 450 99,990 355.52 199.98 22.22 577.72 
38 100 i 88.3 2.10 250 20,825 174.93 41.65 8.33 224.91 
39 100 I 83.3 2.10 200 16,660 174.93 33.32 8.33 216.58 
40 200 I 166.6 2.10 150 24,990 349.86 49.98 16.66 416.50 
41 100 I 83.3 2.10 100 8,330 174.93 16.66 8.33 199.92 
42 100 I 83.3 2.10 50 4,165 174.98 8.33 8.33 191.59 
43 200 I 166.6 2.10 0 0 349.86 .00 16.66 366.52 
il 100 E 100.0 1.30 100 10,000 130.00 20.00 10.00 160.00 
12 100 E 100.0 1.30 50 5,000 130.60 10.00 10.00 150.00 
13 300 E 300.0 1.30 0 0 390.00 .00 30.00 420.00 
26 100 E 100.0 1.30 50 5,000 130.00 10.00 10.00 150.00 
27 100 E 100.0 1.30 100 10,000 130.00 20.00 10.00 160.00 
14 100 & 111.1 1.30 400 44,440 144.43 88.88 11.11 244.42 
15 100 s 111.1 1.30 350 38,885 144.435 Ks a3 32 233.31 
16 200 es 222.2 1.30 300 66,660 288.86 133.32 22.22 444.40 
17 100 We 111.1 1.30 250 27,775 144.43 55.55 23.3% 211.09 
18 100 B 125.0 1.30 200 25,000 162.56 50.00 12.50 225.00 
19 200 B 250.0 1.30 150 37,500 325.00 75.00 25.00 425.00 
20 100 B 125.0 1.30 100 12,500 162.50 25.00 12.50 200.00 
21 100 . 100.0 1.10 200 20,000 110.00 40.00 10.00 160.00 
22 200 F 200.0 1.10 150 30,000 220.00 60.00 20.00 300.00 
23 190 F 100.0 1.10 100 10,000 110.00 20.00 10.00 140.00 
24 160 iF 100.0 1.10 50 5,000 110.00 10.00 10.00 130.00 
25 200 F 200.0 1.10 0 0 220.00 .00 20.00 240.00 
28 200 G 181.8 1.40 450 81,810 254.52 163.62 18.18 436.32 
29 100 G 90.9 1.40 400 36,360 127.26 72.72 9.09 209.07 
80 100 G 90.9 1.40 350 31,815 127.26 63.63 9.09 199.98 
31 200 -G 181.8 1.40 300 54,540 254.52 109.08 18.18 381.78 
32 100 G 90.9 1.40 250 22,725 127.26 45.45 9.09 181.80 
33 100 H 90.9 1.20 200 18,180 109.08 36.36 9.09 154.53 
34 200 H 181.8 1.20 150 27,270 218.16 54.54 18.18 290.88 
35 100 H 90.9 1.20 100 9,090 109.08 18.18 9.09 136.35 
36 1090 H 90.9 1.20 50 4,545 109.08 9.09 9.09 127.26 
37 200 H 181.8 1.20 0 0 218.16 -00 18.18 236.34 
Total. . ..6,000 6,158.3 1,084,035 $8,840.55 $2.468.07 $615.83 $11,624.45 
Average $1.44 176 1.44 35 10 1.89 
coal costing $1.50 per ton, and D a go per cent. coal costing $1.60 iia ie clas Coal J Coal E 
ne * rie Je , BERUIGR « ccceceveves cectesveses svO. NO. 
per ton. D being 12% per cent. better than A and costing only Brea aank fase ko, oe eee $2.50 $1.30 
634 per cent. more, should be used to the exclusion of A. Hondiiee pn ae re ee ie = .% 
Unequal Heat Values, Unequal Prices i RN oo iat nk tales Wat Wiles dai vsaecikans $2.67 $2.23 
“ 4 ° ° “ 
.—“Coals D and Fig. 6, are unequal in heat value an Cost on ergine of amount equivalent 
of Supply J, 8. q to one ton standard coal........... 2.25 2.23 


price and are supplied from different points. Their competitive 


point would be found as follows: 














4 7 13 
____ $2.50 + $ .10 -- x ($.002) = $1.60 + $ .10 + (150 — x) $.002 J-120%-$2.50 a .36U 8 E-1008-61.80 
120% 90% 
x = 14.3 -niles | | 4M a 
“The competitive point of coals D and J is therefore fourteen , 36M" : — 


miles north of station No. 4; chutes at stations No. 1, No. 2 and 





13 06 27 28 29 30 31 30 33 34 35 36 37 


E-100%-$1.30 Cn 10%-$1.20 


a 


Fig.8 


No. 3 should be supplied with D and station No. 4 with J. At 


the competitive point coal on the engine would cost as follows: 








Coal D Coal J 
RD me MRERINE 6b siishen wn eeolesemaalen No. 1 No. 4 
ce Pee ee et ee ee ree $1.60 $2.50 
OS ee ee eee ee 27 .03 
RE nen ook aban gina tans cmee ccs 10 10 
Coet Git Enmine HEC TON. <0 <0 sci cc veces $1.87 $2.63 
Cost on engine of amount equivalent 
to one ton standard coal........... 2.19 2.19 
“The competitive point of coals J and E, Fig. 7, is found from E-100%-$1.30 Fig.9 
the following equation: 
___ $2.50 + $ 10 + x ($.002) = $1.30 + $ .10 + (450 — x) $.002 we 
120% 100% The competitive point of coals E and H is determined by the 


x = 36.4 miles 


“This shows that J coal cannot be used east of station No. 4 


following equation, as shown in Fig. 8: 


$1.36 + $ .i0 + ($.002) = $1.20 + $ .10 + (600 — x) $.002 





and that E coal should be used at stations No. 5 to No. 13 in- 100% 110% 
clusive. At the competitive point coal on the engine would coet x = 229 miles 


“E coal is thus limited to station No. 29 and west thereof, and 


as follows: 
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TABLE NO, 2. 
A. B. C. RAILROAD COMPANY. 
PROPOSED COAL DISTRIBUTION AND COST OF COAL PER DAY. 

















Tons Coal to Be Used. Haulage. Cost of Coal by Stations. 

Standard - A - —_— uN " P ein ols ‘ 
Py Coal i Per Ton 

Stations. Required. Kind. Tons. Cost. Miles. Ton-Miles. First Cost. Hauling. Handling. Total. 
1 200 D 222.2 $1.60 0 0 $355.52 $0.00 $22.22 $377.74 
2 100 D 111.1 1.60 50 5,555 177.76 11.11 11.11 199.98 
3 100 D 111.1 1.69 100 11,110 177.76 22.22 11.11 211.09 
4 300 J 250.0 2.50 0 0 625.00 .00 25.00 650.00 
38 100 J 83.3 2.50 50 4,165 208.25 8.33 8.33 224.91 
39 106 1 83.3 2.10 200 16,660 174.93 33,32 8.33 216.58 
40 200 I 166.6 2.10 150 24,990 349.86 49.98 16.66 416.50 
41 100 I 83.3 2.10 100 8.330 174.93 16.66 8.33 199.92 
42 100 | 83.3 2.10 50 4,165 174.93 8.33 8.33 191.59 
43 200 I 166.6 2.10 0 e 349.86 .00 16.66 366.52 
5 100 E 100.0 1.30 400 40,000 130.00 80.00 10.00 220.00 
6 100 E 100.0 1.30 350 35,006 130.00 70.00 10.00 210.00 
7 200 E 200.0 1.30 300 60,000 260,00 120.90 20.00 400.00 
Ss 100 E 100.0 1.30 250 25,000 130.00 50.00 10.00 190.00 
9 100 E 100.0 1.30 200 20,000 180.00 40.00 10.00 180.00 
10 206 E 200.0 1.30 150 30,000 260.00 60.00 20.00 340.00 
11 100 E 100.0 1.30 100 10,000 139.00 20.00 10.00 160.00 
12 100 E 100.0 1.30 50 5,000 130.00 10.00 10.00 150.00 
13 £00 E 300.0 1.30 0 0 390.00 .00 30.00 420.00 
14 100 E 100.0 1.30 50 5,000 130.00 10.00 10.00 150.00 
15 100 E 100.0 1.30 100 10,000 130.00 20.90 10.00 160.00 
16 200 E 200.0 1.30 150 30,000 260.00 60.00 20.00 340.00 
17 100 E 100.0 1.30 200 20,000 130.00 40.00 10.00 180.00 
26 190 E 100.0 1.30 50 5,000 120.00 10.00 10.00 150.00 
27 100 E 100.0 1.30 100 10,000 130.00 20.00 10.00 160.00 
28 200 E 200.0 1.30 150 30,000 260.00 60.90 20.00 340.00 
29 100 E 100.0 1.30 200 20,000 130.00 40.00 10.00 180.00 
18 100 F 100.0 1.10 350 35,000 110.00 70.00 10.00 190.00 
19 200 F 200.0 1.10 300 60,000 220.00 120.00 20.00 360.00 
20 100 F 100.0 1.10 250 25,000 110.00 50.00 10.00 170.00 
21 100 F 100.0 1.10 200 20,000 110.00 40.00 10.00 160.00 
22 200 F 200.0 1.10 150 30,000 220.00 60.00 20.00 300.00 
23 100 F 100.0 1.10 100 10,000 110.00 20.00 10.00 140.00 
24 100 F 100.0 1.10 50 5,000 110.00 10.00 10.00 130.00 
25 200 Yr 200.0 1.10 0 0 110.00 .00 20.00 130.00 
30 100 H 90.9 1.20 350 31,815 109.08 63.63 9.09 181.80 
31 290 H 181.8 1.20 300 54,540 218.16 109.08 18.18 345.42 
32 100 H 90.9 1.20 250 22,725 109.08 45.45 9.09 163.62 
33 100 H 90.9 1.20 200 18,180 109.08 36.36 9.09 154.53 
34 200 H 181.8 1.20 150 27,270 218.16 54.54 18.15 290.88 
35 100 E 90.9 1.20 100 9,090 709.08 18.18 9.09 136.35 
36 100 H 90.9 1.20 50 4,545 109.08 9.09 9.09 127.26 
37 200 H 181.8 1.20 0 0 218.16 -00 18.18 236.34 
Total ....6,000 5,760.7 783,140 $8,058.68 $1,566.28 $576.07 $10,201.03 
Average $1.40 136 1.40 27 -10 1.77 


Note—At station 38 either J or I coal could be used with equal cost and J has been assumed as the coal to be used. 


18 F coal has been assumed whereas E might be used. 


H coal from stations No. 30 to No. 37 inclusive. At the competi- 
tive point the following would be the cost of coal on the engine: 


Coal E Coal H 
Ae SO ere re err rere No. 18 No. 37 
Se rr re ere $1.30 $1.20 
RR err eer erty Ts eee .46 74 
FE Serr eer errr. rrr rere ee 10 10 
Cost on engine per ton.............. $1.86 $2.04 
Cost on engine of amount equivalent 
to one ton standard coal ........... 1.86 1.86 


“The competitive point of coals C and F, Fig. 9, is found from 
the following equation: 


$1.30 + $ .10 + x ($.002) = $1.10 + $ .10 + (150 
90% 100% 


x) $.002 
x == — 13.2 miles 


“Note that x is a negative quantity which shows that F can 
be hauled 26.4 miles more than the above 150 miles and then cost 
the same on the engine at station No. 22, the point of distribu- 
tion of C, as the amount of C coal equivalent to one ton of 
standard coal. This is proven by the following table: 





Coal C Coal F 
Di Oe Bee OURO ko ceed odacauweeeeues No. 22 No. 25 
a ee ee ee er ee ee $1.30 $1.10 
MED <a n'e5 chk csletnee dheadeacewn ae .00 .30 
PEE ih data. ceceday Che eGwawuasse .10 10 
Se ee er eee re $1.40 $1.50 
Cost on engine of amount equivalent 
to one ton standard coal........... 1.55 1.50 


Present vs. Proposed Coal Distribution, A. B. C. R. R—“The 
present coal distribution on the A. B. C. Railroad is shown by 
Fig. to and the proposed distribution by Fig. 11. Some objection 
may be offered to the distribution shown in Fig 10, but when it 
is considered that the relative heat values are not known before 
tests have been made the distribution is not an improbable one. 


“The cost of fuel per day under the present system of coal dis- 
tribution is shown in Table 1, and that of the proposed distribu- 
tion by Table 2. The following totals, Table 3, made up from 
Tables 1 and 2, show the amount of each kind of coal used under 
the present and proposed distributions: 





Similarly with station No, 


rABLE 3. 
Present Distribution. Proposed Distribution. 


Equivalent to Follow- Equivalent to Follow- 


Kind of Tons ing Tons of ‘Tons ing Tons of 
Coal. Used. Standard Coal. Used. Standard Coal. 

A 875.0 700 .0 0 
B 509.0 400 0 0 
Cc 555.5 500 0 0 
D 888.8 800 444.4 400 
E 790.0 700 2300.0 2300 
F 700.0 700 1100.0 1100 
G 636.3 700 0 0 
H 636.3 700 999.9 1100 
I 666.4 800 583.1 700 
J 0 0 333.3 400 

Total 6158.3 6009 5760.7 6000 


“The following table shows the averages and totals of Tables 
I and 2, and shows the savings to be made by adopting the pro- 
posed distribution : 














TABLE 4. 
Coa AVERAGE Cost oF CoAL 
; aT aii : a 
Flaul- Ton First : 
Distribution ‘tors age Miles Cost Haulage Handling Total 
Present 6158.3 176 1,084,035 $8840.55 $2168.07 $615.83 $11,624.45 
Proposed 5769.7 136 783,140 8058.68 1566.28 576.07 10,201.03 
Difference 397.6 40 300,895 $781.87 $601.79 $39.76 $1,423.42 


“The proposed coal distribution would effect a daily saving of 
$1,423.42 on a daily expenditure of $11,624.45, or a saving of 
12.2 per cent.; $782 of the saving is due to the decreased amount 
paid mine companies; $602 due to saving in haulage and $40 is 
saved by having less tons of coal to handle, there being only 
5,761 tons of coal used daily under the proposed distribution, 
as against 6,158 tons under the present distribution. The table 
also shows the decrease in the average length of haul and the 
decrease in total ton miles. 

“It is not expected that every railroad company in working 
out a coal distribution would find that there could be a saving 
of over 12 per cent. made by distributing the coal according to 
the methods herein outlined, but there is no doubt but what con- 
siderable saving is to be effected on most systems. 

“It is not expected that any railroad can at all times distribute 
coal according to some predetermined plan, but the cost of fuel 
will be considerably less, when purchased and distributed ac- 
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4 A-80%-$1,50 
D-90%-$1.60 a 








X Denotes source of coal supply. 
Distance between coaling stations, 50 miles. 
Distance between division points, 150 miles. 
Numbers indicate name of coaling stations. 
Letters denote name of coal. 
A-80"0-$1.50, shows that coal “‘A’’ 
at $1.50 per ton F. O. B. cars. 


FIG, I0.—PRESENT COAL DISTRIBUTION 


1 A-80%-$1.50 


‘ D-90%-$1.60 
aN 2 





m 


@ Denotes coaling station and division point using the equivalent of 200 tons standard coal per day. 
. Denotes coaling station and division point using the equivalent of 300 tons standard coal per day. 


having a heat value of 80% of the standard coal is supplied 


ON A: B.C. 


\25 
F-100%-$1.19 Pa 


useless. They are worse than useless 
for comparing the economy of dif- 
ferent types of plants. The commit- 
tee has emphasized this point and 
submitted recommendations as_ to 
what should be included in these 
costs. The accompanying table of 
costs of different types of stations 





B-80%-$1.30 
C-90%-$1.30 


" ee vt 15 has been tabulated from information 
: ey mera = os 13, exe os em a presented in the report of the 1907 
2 @ 3 2 9 + Sg 3 Se te Se 2 ts committee. In lieu of exact infor- 
E-100%-$1.30 ree mation the committee has estimated 
ms J-120%-$2.50 H-110%-$1.20 certain items in order to make the 
; costs roughly comparable, but the in- 
x \” formation cannot, of course, be con- 
\var sidered as exact; the number of sta- 
\ 42 tions considered is comparatively 
Z small and the conditions under which 
\. p, 1-1208-¢2.10 they are operated are not given, so 
that this information should be used 
NOTE in a general way only. 
@ Denotes coaling station using the equivalent of 100 tons standard coal per day. 


The report of the 1907 committee 
‘is as follows: 

“A locomotive coaling plant should 
minimise: Delays to engines while 
coaling; delays to coal cars; the cost 
of handling coal; sometimes it is also 
desired to accurately measure the 

i coal as delivered to locomotives. 

R. R. “An ample storage capacity insures 
against delays, due to interruption of 
coal supply, to bunching of engines 
and to breakdowns, derailments and 
repairs. At important 
points, it is sometimes desirable to 
provide duplicate machinery. 
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necessary 


B-80%-$1.30 


C-90%-$1.30 
The roundhouse track arrangement 
should be as compact as possible and 
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E-100%-$1.30 
J-120%-$2.50 





, 1+420%-$2,10 
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FIG. ITI.—PROPOSED COAL DISTRIBU 
cording to its heat value and cost, than though purchased and 
distributed in a semi-haphazard manner. 

“The greatest saving can probably be effected when the com- 
mercial demand is not at a maximum, which will prove beneficial 
to purchase and distribution by allowing more economical coals 
to be used and correspondingly less amounts of the less econom- 
ical coals.” 


Types of Locomotive Coaling Stations and Cost of Handling Coal. 


The best discussion of the utility of the various types of loco- 
motive coaling stations in use is to be found in the reports made 
by the “Committee on Buildings” of the American Railway En- 
gineering and Maintenance of Way Association at the 1907 and 
1908 conventions. The parts of these reports which refer to 
coaling stations are quite completely reproduced in this section. 

The cost of handling the coal at the coaling stations, as ordi- 
narily compiled by the railroads, includes only the cost of opera- 
tion and sometimes of maintenance. Interest and depreciation 
and the cost of storage in cars are entirely neglected, and the 
comparison of the results gained on one road with those on 
another, or even between two divisions on the same road, is 











‘ ‘5 6 J g 9 10 14 12 N3-S% 07 28 29/130 31 32 33 34 35 
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TION ON A. B.C. R. 


The question of the 
proper location of the coaling plant 
with reference to the cinder pit de- 
pends upon the type of plant adopt- 
ed. In cold weather, delay to the 
engine after the fire is cleaned is 
liable to cause leaking, though some 
of the trouble attributed to this cause 
is probably due to an unwise use of 
the injector. Some handle cinders 
with the for handling 
This practice is, however, not 


| at the same time allow the necessary 
free movement. 
I 


36 37 


G-110%-$1.40 
H-110%-$1.20 


machinery 
R. coal. 
recommended. 

“The importance of providing storage room so as to cut down 
the delay of cars as much as possible is ordinarily underesti- 
mated. One day’s storage in cars of locomotive coal for the 
Pennsylvania System costs more than $300,000 a year, figuring 
that the cars are worth only one dollar a day each. An expendi- 
ture of $4,000,000 would be justified to avoid holding two days’ 
supply of coal in cars, considering that the structure costs 15 per 
cent. of the original cost for interest, depreciation and mainten- 
ance. 


“Figuring 40 tons to the car, storage in cars costs 2% cents 
per ton per day, and an expense of $61 a ton is justifiable to 
avoid it. Ordinarily, storage in the bin is much cheaper than in 
cars, yet the usual practice is to keep from one to five days’ 
supply stored in cars at the different plants. 

“Theoretically, a coaling plant should be designed to take care 
of all the coal to be held for emergencies, so that cars can be 
released promptly upon arrival. This is, of course, not always 
feasible. 

“All plants for self-clearing cars should have the hoppers wide 
enough so that the coal can be shoveled from flat bottom cars by 
hand, if desired, and so that side dump cars can be used. 
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TYPE—SEE SECTIONS IN ARTICLE A | B C;ibD E | F G I J K 
8 »| | 
COAL a s . 
SHOVELED |% 2 ‘i 5 
FROM CAR VE| TRESTLE Type—Cars | — 9%| BALANCED | ROBBINS 
TYPE OF COALING STATION. TO TENDER. > ah, a r eeaayqs_ | EYPE— POWER |5 < Two- LINK BELT. es ereede 
os PLACED BY LOCOMOTIV B.| OPERATED |9™ BUCKET TYPE. |BELT TYPE. 
Gea | vU 
= | =) 
Jib | Jib | $8) %) | 
crane|crane U ® | | 
: er ce ee i. re Oe wi Pe Pa 
No stations considered........seseeeeees 1 1 | 11 4] 5 6| 2] 17 He).2 | ssl at 66 1 1} 1 1} 3] 4{1tt} 4) 1) 1 
Av. No. tons handled per day (all stat'ns) | 235| 133 | 305 | 370 | 444 166 | 195| 247 | | 147 | 345 280 
c a ~ Cn”) wt | 13} 59| 26.| St |175.| 26.| 67 | 264 | 33| 82| 65| 41 | 113| 50 165 | 49 | 86] 450 127 | 218 
Interest and depreciation—per ton..... $.002|} .014 | .017} .008] .010*| .005 |-012* | .008* 023 | 017 |.027 | .027|.015) .919 022 | .038| .037*| .020|.025 |.018|.116| .017 | .032 | .033 
OCperation—“PeF GON occccccececccccccses $ .104} 123 | .206) .103}.113 |.031 |.061 |.036 |.028 035 |.051 | .070}.039| .045 | .035 087 | .027 049 |. 037 | .024 | .028 027 | .043 031 
Maintenance—per tom ..eeeersseeeeeeees $.001| .020*| .022| .005|.005*] .005_ |. 006*| .004*| .001_ | .008*|.013% .009 | .005 | .005_ | .005*, .005|.010% .016 |. 010* | .005 | .021 | .005 | .006 | .005 
Car Storage—per tom.....s.seeeee veeees $ .066| .075 | .075| .062|.047 |.050*|.043 | .050*|.050*| .056*| .000 | .037 | .075 | .043* | .020 | .025|.044 | .058|.041 | .047| 019 .044 | .041 | .000 
Total CoSt—per tOM......seeeseseeeesers 173} .232 .320 | .178|.175 |.091 |.122 |.098 |.102 | .116 |.091 -143 |-134|.112 | .082 155 | .118 143} .113 | .094| .184 | .093 .122 | .069 
Time covered by above figures (months) | 10 TS ae 9 | 3 |} 1} 24} 10 3 By 6; 6; 1] 3} 10} 12] 3 
% Self clearing Cars .cc.. ceccccceces * 0 | 0 0} O 90 | | 100 75 | t | 67 0| 63 7" | 80 | 90) 
| | = Vee | | shel rr a ; — 





* Estimated. 


“In this statement, the figures which are not available have been estimated. 


t Large proportion self-clearing. 











tt Special construction and with scales. 


In order to make a fair 


contparison, we have assumed that it is desirable to hold at the plant, either in cars or on the ground, a 


total of three days’ supply. The figures presented are of value in a general way only. 


We have used ten 


per cent. of the original cost for interest and depreciation for all plants, independent of the character of con- 


struction. 


Considering the present rate of development, the necessary changes in terminals, etc., this is be- 


lieved to be none too high. A good many of the plants reported have not been in operation long enough and 
the length of time over which the costs extend is too short, in most cases, to make the maintenance figures 


reliable. 


The lack of uniformity in the collection of the statistics and the varying conditions under which 
they were prepared, make any close comparisons of little value. 
the conditions, not generally considered, can affect the cost. 


They indicate how much a slight variation in 
In considering this question, it should be remem- 


bered that a saving of dollars per year for the railroad, and not cents per ton for the individual plant, is the 


result to be aimed at.” 


COMPILED FROM DATA IN THE REPORT OF THE COMMITTEE ON BUILDINGS AT THE 1907 CONVENTION OF THE AMERICAN RAILWAY 


ENGINEERING AND 

“Self-clearing cars can be unloaded into a hopper for at least 
six cents a ton less than the cost of unloading flat bottom cars 
by hand. Using 15 per cent. per annum of the original cost as 
the cost of the plant, an expense of $146 is justified to save hand- 
ling one ton a day by hand. 


DESCRIPTION OF PLANTS. 


A. 

“Where the quantity of coal handled is small and especially at 
terminal points where the engines lie over night and the coaling 
can be done by the hostler or watchman, coaling direct from 
the cars is the cheapest. This work can be aided by elevating 
the track, on which the coal cars stand, from two to four feet 
above the locomotive track. 

Shoveling from the coal car direct into the locomotive has the 
advantage that it delivers the coal in the best possible condition. 
Crushing, due to handling, is kept at a minimum and large lumps 
can be broken up ready for the fire by the shoveler. The ten- 
dency of large bins to separate the slack from the lump is 
avoided. 

B. 


Coaling from Cars with a Jib Crane.—‘Where the engines are 
needed as soon as they can be cared for, where they come 
bunched, or where the hostlers cannot do all the coaling in con- 
nection with their other work at the time desired, it is recom- 
mended that there be, in addition to the elevated track, an ele- 
vated piatform with buckets of about one ton capacity into which 
coal can be shoveled at different times, these buckets to be raised 
by a jib crane which can be operated by hand or by air from the 
engine, and to be emptied when the engines come too fast for the 
men to take care of them. By this method the cost can be kept 
down to almost that of coaling direct from the cars into the en- 
gines. These buckets can be used for emergency coaling stations 
en route where coal is only occasionally required. 


C. 


“By having, instead of buckets, small dump cars on an elevated 
platform and the coal car track elevated considerably above the 
track on which the locomotive stands, more engines can be coaled 
quickly. 


MAINTENANCE OF WAY 


ASSOCIATION. 


D. 


Williams-White Type.—‘“By still further increasing the eleva- 
tion, the shoveling can be done directly into bins, by which the 
amount stored can be increased and a larger number of engines 
accommodated promptly. These bins can be filled with different 
amounts of coal, so that, by selecting the bin, the amount needed 
can be obtained. With all of the designs, thus far considered, 
flat-bottom cars are practically necessary. 


E. 

Trestle Type.—“The next step is the construction of the high 
trestle with the coal car track on top of the storage bins, thirty 
or forty feet above the engine track. The cost of switching is in- 
creased, but by the use of self-clearing cars the cost of deliver- 
ing coal from the cars to the bin can be almost entirely elimi- 
nated. The maximum grade of the approach desirable is usually 
considered as five per cent. Where the coal is not shoveled, this 
type of plant keeps the breakage of the coal at a minimum of all 
plants where the coal is not shoveled by hand. In considering 
the expense of operating these plants, the cost of placing the 
cars on the trestle by a locomotive, an expensive and dangerous 
operation, is not ordinarily included. 


F. 


Power-Operated Trestle Type.—‘Instead of using a locomotive 
to place the cars, these plants can be equipped with a hoisting 
engine, allowing the use of a twenty per cent. grade. The ma- 
chinery costs less than the trestle approach, much ground space 
can be saved and the operation is cheaper and safer when the 
cost of switching is considered. This type ordinarily increases 
the possibilities of providing storage room and does away with 
a considerable liability to accident. 

“Where two or more tracks are to be served and the neces- 
sary room is available, the coal car track can be put at right 
angles to the locomotive tracks. In some cases, where it is de- 
sired to coal on four tracks or on two main tracks, duplicate 
plants are constructed. 

“The trestle types are handicapped by the fact that the struc- 
ture must sustain heavily loaded cars and also either locomotives 
or have power available to raise the cars. The costs per ton for 
maintenance are higher than is generally assumed, and if a fire- 
proof structure is built, it would be expensive. They ordinarily 
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cannot be placed in the most desirable location, and are not avail- 
able in many cases where the room is cramped. 


G. 


Locomotive Crane Type.—“At terminals, where the demands 
are not too great, coaling can be done by means of a locomotive 
crane handling the coal direct from flat-bottom cars to a loco- 
motive. This crane can also help switch coal cars, if necessary, 
and can handle cinders and sand. To allow the use of drop 
bottom cars, a pit can be constructed from which the crane can 
handle the coal. To avoid delay to locomotives, a trestle can be 
constructed on which the crane can work, so that it can load di- 
rect into bins, in which a fair amount of storage room can be 
provided. The bins are not protected from the weather, and the 
coal and gates are liable to be frozen up. 

“With the necessary tracks, the pit and the hoppers, it will be 
found that this sort of a plant has a considerable first cost. Its 
cost of operation depends upon the work which can be provided 
for the crane at spare times. Its value is great in emergency 
situations and at points where, because of impending changes, the 
construction of a permanent plant is unwise. 

“At a large terminal, where a conveyor plant is used, a locomo- 
tive crane would be very valuable to handle cinders and sand and 
also coal during a possible breakdown of the conveyor. The 
practical limit of a locomotive crane is said to be about 70 en- 
gines a day. The fact that it can unload direct from flat-bottom 
cars is much in its favor. 

H. 

Clam-Shell Bucket and Troiley Type—“A type of plant using 
a special bucket of the clam-shell type operated on a trolley has 
been suggested. This can handle coal direct from a pit or from 
flat-bottom cars into bins over the tracks, and can also handle 
cinders. While this device has not yet been tried for coaling 
locomotives, it is receiving more or less attention and will un- 
doubtedly be tested soon. The number of tracks it can serve is 
unlimited, and the mechanism is simple. The horse-power re- 
quired is small and the first cost is not excessive. This type 
would be especially valuable where self-clearing cars cannot be 
regularly obtained and where large storage is desired. It is be- 
lieved that with a plant of this type, coal can be handled from 
flat-bottom cars at a reasonable cost. There should be no dif- 
ficulty in getting an actual working capacity of seventy-five tons 
an hour, which is ordinarily ample. 


I, 


Balanced Two-Bucket Hoist.—“When the space is more or less 
limited and the amount of coal to be handled and stored is not 
too great and deep foundations can be constructed, the coal 
can be lifted into bins by means of two large buckets, operating 
opposite each other, so that when one is lowered, the other is 
raised. The coal is delivered into the buckets by gravity from 
the bottom of a pit under the coal car track through a gate 
worked by the operator of the bucket. The bucket is automat- 
ically dumped into the bins at the top. It requires the continuous 
attention of a man operating it, but is an efficient machine where 
the requirements are not too great. The storage room in the 
bins is limited by the fact that this plant has practically but one 
point of delivery into the bin. 


5. 

Link-Belt Type.—“The bucket conveyor or link-belt type re- 
quires a small ground space, has great flexibility of adjustment 
to suit different conditions, and can be used for almost any situ- 
ation desired. With the softer grades of bituminous coal, such 
as that from the Indiana fields, these plants tend to break up 
the coal. Many of these plants are in operation, and, where 
well cared for, are giving excellent service. The expense of 
power and repairs are not great, and, where the conditions are 
such as to recommend their construction, they give good service 
at a reasonable cost. 


K. 


Robbins Belt Type.—‘“Plants raising the coal on a continuous 
belt of rubber and cotton on an incline of about thirty degrees 









are coming into use. The maintenance cost is reasonable, and 
in most situations it can be as readily fitted in as any other type. 
In some locations, where ample space is available, a better stor- 
age yard for coal cars can be provided with this than by any 
other type, as the receiving hopper can be placed at a consider- 
able distance from the storage bins in any direction. There are 
very few parts of this which can get out of order. The ordinary 
objection to this type is the expense of belt renewal, but this is 
only about 0.2 of a cent per ton, a comparatively small amount, 
which makes no appreciable difference in the total cost of main- 
tenance. 


GENERAL INFORMATION. 


“For large plants, where coal is delivered in self-clearing cars 
and an unloading hopper is used, tracks can be so arranged that 
cars can be handled by gravity, without the need of switch en- 
gines, decreasing the cost of operation. 

“A locomotive crane as an auxiliary for handling cinders, sand 
and coal in emergencies, is very desirable. 

“Although most roads do not now consider it necessary to 
weigh the coal accurately as delivered to locomotives, some 
plants are built with this provision. Storage bins, holding as 
much as one hundred tons, on scales, are used, or else auxiliary 
bins on scales, with a capacity of five or ten tons, are placed 
underneath the large storage bins. The use of scales is some- 
times avoided with trestle plants by providing small auxiliary 
pockets in which the measuring can be done by volume. The 
scales add considerably to the cost. 


“With belt or bucket conveyors, the bins should be designed 
so as to prevent an accumulation of slack. Slack coal in con- 
siderable masses, which is not moved for a long time, may cause 
spontaneous combustion. If it collects, it will finally slide out 
in large masses, so that one engine may be furnished with a very 
considerable amount of it, in which cases the performance of 
trains is seriously interfered with. This trouble can be pre- 
vented by designing the bins with hopper bottoms and by placing 
the points of delivery into the bins directly over the points from 
which the coal is taken. The slack is then used as it is deliv- 
ered. If this is not done, the slack will drop directly from the 
points of delivery, and large lumps will roll to the mouth of the 
chutes. 

“With some grades of coal, where run of mine or lump is 
used, it is necessary to provide means of breaking it up. Breaker 
bars can be either placed over the hopper, which will not allow 
any coal above a certain size to pass without being broken up, 
or else a crusher can be provided. The breaker bars deliver the 
coal in better condition, but. are more expensive in operation. 

“Where softer grades of coal are used, it is important that 
the plant be designed to avoid breakage as much as possible. 

“The handling of sand and cinders is frequently attempted 
in connection with coaling stations, but, unless separate machinery 
is provided, they have not generally been successfully operated, 
due largely to the excessive wear caused by the cinders and sand 
on the moving parts. 


“Some efficient method of fire protection is very desirable, 
many expensive plants having been destroyed by fire. 

“The recent and prospective increases in the cost of labor 
and timber and the demand for greater reliability of service tend 
to increase the desirability of having better coaling plants built 
of steel or reinforced concrete.” 


CONCLUSIONS AS AMENDED AFTER DISCUSSION. 


(1) The cost items should include charges for interest and 
depreciation, charges for maintenance and operation (the cost of 
switching cars onto trestles should be included), and a charge 
for the use of cars for storage purposes. 

(2) Provision should be made for fire protection, thé avoid- 
ance of damage to the coal, and its delivery in the best possible 
condition. 

(3) The use of self-clearing cars should be made possible, 
and ordinarily it should be possible to shovel from flat-bottomed 
cars. 

(4) Storage for emergency purposes and fireproof construc- 
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tion are, in general, to be recommended, and in some cases du- 
plicate machinery is desirable. 


RECOMMENDATION OF 1908 CoMMITTEE. 


An abstract of the report on the “Best Types of Locomotive 
Coaling Stations for Various Conditions,” as presented by the 
Committee on Buildings at the recent meeting of the American 
Railway Engineering and Maintenance of Way Association, is 
as follows: 

“Your committee desires, however, at this time to emphasize 
the need of adequate fire protection at all coaling stations and 
to call attention to the possibilities of reinforced concrete con- 
struction of coaling stations and storage bins, which has been 
used in some instances, as a method of reducing fire risk, and 
at the same time securing structures of greater permanency than 
those ordinarily in use. 

“The average insurance rates for open trestle timber construc- 
tion coaling stations and reinforced concrete fireproof structures 
are, respectively, one per cent. and one-fourth of one per cent. 
This would mean that from the standpoint of fire insurance alone 
we would be justified in expending fifteen per cent. more for a 
reinforced concrete structure than for a timber coaling station. 
As the relative cost of the fireproof style of structure at present 
is about fifty per cent. above that of the heavy timber station, 
an expenditure of the extra twenty-five per cent. may, perhaps, 
be justified on the ground that the smaller chance of incidental 
losses due to interruption of traffic will warrant this additional 
expense. 

“To the ‘general information’ in last year’s report should be 
added that the ‘Balanced Two-Bucket Type’ of coal elevator is 
now built with auxiliary horizontal conveyors, which receive the 
coal from the elevator buckets and distribute it to bins and 
pockets, thus adapting it to use in larger coaling stations and 
storage plants than are practicable for the simple balanced bucket 
type of coaling station. 

“In presenting the following conclusions your committee has 
been guided by the apparent practicability and adaptability of 
the various devices rather than by the available statistics regard- 
ing comparative costs of handling coal, which are, as has been 
stated, somewhat unreliable, and consequently not worthy to be 
accepted as the sole basis for comparison.” 

The following conclusions are an addition to those adopted at 
the meeting of 1907: 


CONCLUSIONS OF 1908 COMMITTEE AS AMENDED. 


(5) “It is not possible to give absolute limits between which 
different types of coaling arrangements are to be used. Each in- 
stallation must be considered as an individual problem. Prices 
of materials, cost and character of labor, the possible track ar- 
rangements, the amount of storage desired, the power and at- 
tendance, and shifting service available, all are to be considered. 

(6) “Where the quantity of coal handled is small, particularly 
at terminal points where locomotives lie over night, it is recom- 
mended that the locomotives be coaled, either directly from cars 
or by handling from cars to a platform provided with a jib crane 
and one-ton buckets, and from these buckets to the locomotive. 

(7) “At terminals, under certain conditions, a locomotive crane, 
with suitable bucket, is desirable, particularly where other work 
can be economically performed by the crane.” 

(8) “At terminals where the requirements do not exceed 300 
tons a day, when the desired storage is not so great that auxil- 
iary buckets are necessary and where a deep foundation is prac- 
ticable, a 2-bucket hoist is recommended.” 

(9) “For terminals largcr than those previously considered, 
the type of coaling station which should be selected as most de- 
sirable is dependent entirely upon local conditions. Where it is 
required that coal be delivered to not more than two tracks and 
where the necessary ground space is available, a coaling station 
of the ‘trestle type, with incline approach, is recommended. In 
yards where delivering locomotives are constantly available a 
plant with a five per cent. incline is preferable to one with a 
wenty per cent. grade operated by a hoisting engine. Where it 
is required to deliver coal to more than two tracks, or where the 






ground space for a ‘trestle type’ is not available, a ‘mechanical 
conveyor type’ is recommended.” 


Weighing Coal Issued to Locomotives. 


There are several methods by which the coal delivered to the 
locomotive tenders may be measured with more or less accuracy. 
Unfortunately most roads have several types of coaling stations, 
built from time to time, some of which measure or weigh the 
coal issued, while others do not. 

Unquestionably the greatest gains which may be made in fuel 
economy are in its use on the locomotive. The enginemen, how- 
ever, cannot be watched closely and spurred on to better efforts 
unless a careful check is kept on the coal consumption and on 
those things which effect it. This cannot be done unless some 
means is provided for measuring the coal issued to each engine 
with a fair degree of accuracy. 

Under preper supervision there seems to be little question but 
what the average fireman could save one scoopful of coal in 
every ten. Would this not many times over warrant the instal- 
lation of weighing or measuring devices on your road, also the 
establishing of a system of simple daily fuel performance reports, 
such as is described in another section of this article? 

(he simplest method of measuring the coal is the use of the 
jib crane and bucket system, or where “buggies” are used. The 
average weight of coal which one of these buckets or buggies 
will hold can easily be determined and care can be taken to see 
that they are loaded uniformly each time. As a large percentage 
of existing coaling stations are of the above types the practice 
on the Nashville, Chattanooga & St. Louis Railway, under the 
direction of Geo. M. Carpenter, fuel inspector, may be ot 
interest. 

Two standard sizes of buggies, holding two and three tons of 
run of mine coal each, are in use. It is the duty of the foremen 
at each chute to see that these are filled to capacity and a report 
is made to the fuel inspector each day as to the initial and num- 
ber of the car from which each buggy is loaded and the number 
of the engine to which it is delivered. The fuel inspector can 
therefore check the weight of each car as against the mine 
weights, can easily find what kind of coal was used on any 
engine, and in case of poor coal can at once take the matter up 
with the inspector at the mine from which the coal was shipped. 

The tanks on all the engines are graduated for each ton, the 
graduation being stenciled on the leg of the tank. This was done 
by weighing into a buggy one ton of coal, dropping it into the 
tender, leveling it off to a uniform depth and making a mark 
on the leg. This was repeated for each ton until the tank was 
filled level full. When an engine arrives at the roundhouse, at 
the end of a run, a man shovels the coal down from the sides 
and back of the tank, levels it up and marks on a coal ticket the 
“pounds on arrival.” To this is added the amount of coal taken. 
It is thus possible to determine with a close degree of accuracy 
the amount of coal used on each trip, and with very little extra 
expense. 

Another of the older types of coaling stations which allows 
the coal to be measured is the low trestle type with different 
size pockets into which the coal is shoveled from the cars. This 
type of station does not permit the use of self-clearing cars, and 
is becoming obsolete, but where it is in use the coal can be 
measured quite accurately if the pockets are properly calibrated. 

With the large overhead storage pockets the problem becomes 
a more difficult one. The scheme has been tried of suspending 
the entire pocket and introducing a weighing dynamometer but 
it is of course necessary to have the pocket hang plumb in order 
to get accurate results; a wind or an eccentric loading inter- 
feres with this. , 

An arrangement which is being used successfully by several 
roads is to have an auxiliary pocket underneath the storage 
pocket. A simple scale arrangement is used for weighing this 
auxiliary pocket. Accurate results are attained and it is said 
to be inexpensive to maintain. 

In the December, 1904, issue of this journal, page 65, coaling 
stations on the Baltimore & Ohio Railroad were illustrated and 
described which have auxiliary or delivery pockets under the 
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large storage pockets. ‘The delivery pockets are in pairs, each 
pair holding four and two tons. The coal is dumped into these 
self-measuring pockets by the tipple man who operates a gate 
controlling the flow from the storage pocket, from what is 
known as a measuring pocket platform. The coal can be dumped 
from the measuring pocket to the tender either from the plat- 
form or from the engine cab. 

in connection with the discussion of a committee report on 
“The Most Approved Method of Unloading Locomotive Coal 
Prior to Being Unloaded on the Tender,” at the 1901 meeting 
of the Master Mechanics’ Assn., F. A. Delano, then with the 
C. B & Q., mentioned a coaling station which delivered coal on 
each side and which had four track scales, two at each end. 
The empty tender was first weighed at one end, coal was taken 
and the tender again weighed at the other end of the coai chute. 
The scales were twenty feet long ind the arrangement had been 
in operation with satisfactory results for a year, at a point where 
125 to 150 engines were handled daily. The matter came to our 
attention too late to follow it up. If it has been discontinued, 
due to the scales not being able to stand up under the severe 
service, it is quite probable that much better results could be 
obtained at present, due to improvements which have been made 
in track scales in recent years. If satisfactory scales are avail- 
able it would seem to offer a comparatively cheap and satisfac- 
tory means of securing accurate results. 

The coal pits on the tenders can also be calibrated, assisting 
the coal chute foreman to make a fairly close estimate of the 
amount of coal issued, but it is necessary to level the coal off 
before additional coal is dumped in, and this would be more or 
less objectionable when coaling on the road. 





Wastes at Fuel Stations. 


Lack of proper supervision and system at fuel stations will re- 
sult in considerable waste or shortage. Mr. N. M. Rice, general 
storekeeper of the Santa Fé, recently made a careful study of 
conditions at the various fuel stations on that system, with a 
view of bringing about improvements in efficiency and economy. 

Investigations.—The first step was to secure accurate informa- 
tion as to the conditions at each station. A personal visit was 
made to each one and data were obtained and noted on a sheet 
which was arranged to fit in a loose leaf note book. These sheets 
were about 5 x 8 in. in size, of fairly heavy paper and certain 
questions were printed on each side. The questions referring to 
the coal chutes were as follows: 


| Pe eee 
Date visited. 

Class of chute. 
Number of pockets. 
Capacity of each pocket. 

Total capacity, pockets. 

Total capacity, bin. 

Number of cars chute will hold. 
Kind of coal used. 

Coal supplied from. 


SURI new ccad ey ht 


Average No. tons issued, Day...... CC Month...... 
Average No. cars coal received, Day...... Month. ..... 
Chute droppings...... tons, average per month. 

Disposition made of chute droppings. 

No. engines coaling, Day...... ee Month...... 
No. of men at chute, Day...... ae Oo 


Cost of chute labor. 

Cost unloading per ton. 

Cars hoisted by. 

Make of engine. 

How is check made on fuel issued? 

Can correct. weights be obtained without radical changes being made 
in chute? 

What repairs are needed? 

Possibility of loss of coal. 

What check on this? (Question above.) 

Chute foreman. 

Remarks. 


The form for the fuel oil stations contained the following 
questions: : 


A eee eT ee ee 
Date visited. 

No. storage tanks and capacity. 

No. tanks underground and capacity. 

Ne. tanks elevated and capacity. 

Total storage capacity of station 


Oil supplied from. 

Average No. gallons issued, Day...... Lae Month...... 
Average No. cars received, Day...... Night...... Month...... 
Average No. engines taking oil, Day...... ee Month...... 
No. of men at station, Day...... SS ae 


Cost of labor for unloading. 

Method of unloading cil. 

How is check made of fuel issued? 

Who measures oil issued te locomotives? 


Who takes reading for monthly inventory? 

Is water drained from tanks? 

If so, is record kept cf amount drawn off? 
Possibility of loss of oil. 

What check on this? (Question above.) 

Are oil connections leaking or in need of repairs? 
Foreman. 

Remarks. 


Wastes at Coaling Stations—Mr. Rice’s investigations indi- 
cated the following possible sources of loss at coaling stations: 

Lack of supervision over coal chute foremen. These men, al- 
though they may be capable, are not always properly instructed 
as to the method of recording receipts and disbursements. Re- 
ports must be such that they may be checked by the auditing de- 
partment. Measuring devices should be such that the fuel issued 
may be measured fairly accurately. 

Incompetent chute foremen. 

Delay in making necessary repairs at coaling stations. 

Overloading engine tenders. 

Improper or defective coal gates on tenders. 

Wastes at Fuel Oil Stations —Shortages at the fuel oil sta- 
tions were found to be due to the following causes (largely due 
to lack of supervision) : 

Oil overflowing on the ground because of the unloading vats 
being too small, or due to carelessness in unloading. 

Leaking pipe connections, both above and underground. 

Leaks from submerged tanks. 

Overflowing engine tenders and service tanks, due to careless- 
ness. 

Oil cars in leaking condition. 

Engine tenders and engine connections leaking. 

Improper opening and closing of valves on tank cars due to 
incompetent labor, often allowing a considerable amount of oil 
to escape. 

Losses due to the overflowing of elevated supply or delivery 
tanks when filled by air pressure or steam, and caused by the 
carelessness of the pumper or the lack of proper regulating de- 
vices. 


Organization of Fuel Department. 


To remedy the above conditions a fuel department has been or- 
ganized on the Santa Fé and placed under the direction of the 
general storekeeper. A fuel supervisor has been appointed on 
each grand division, who appoints and is responsible for the 
work of all employees engaged exclusively in the receiving, stor- 
ing, delivering and of accounting for all fuel. He also receives 
and compiles all reports from the fuel stations and makes such 
reports as may be necessary to the audit or other departments. 

Fuel inspectors (about one to each two divisions) report to 
the fuel supervisor. These inspectors see that capable men are 
placed in charge at the fuel stations, both day and night. They 
are expected to keep in close touch with conditions at the vari- 
ous stations and to take such steps as may be necessary to in- 
sure the economical handling of fuel and to prevent waste. They 
see that coal chute repairs are promptly and properly made, and 
that the coal chute pockets are properly marked to determine as 
closely as possible the actual amount of coal issued. They instruct 
the coal chute men with regard to overloading the tenders and 
also as to the method of making out the daily reports. They 
should attempt, in conjunction with the engineer, to reduce the 
issues of fuel as much as possible, by keeping in personal touch 
with the firemen. They are expected to ride the different en- 
gines, instruct the firemen as to the proper methods of firing and 
report any mechanical defects. To secure the best results they 
are furnished with a daily record of the operation of each coal- 
ing station and also of the fuel performance of each engine. 

Each fuel station is in charge of a foreman. He must not only 
see that the fuel is properly unloaded and stored, but must meas- 
ure all the fuel issued and make out the fuel tickets. He is also 
responsible for the proper loading of the tenders. 





Reports in Connection with the Operation of Fuel Stations. 


A system of telegraphic reports has been established on the 
Santa Fé by which the fuel foremen and agents advise the fuel 
supervisor each morning as to the amount of fuel at each fuel 
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Daily Coal Report. 
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(A)--Fuel stations. 

(B)—Average daily requirements in tons. 

(C)—Days’ supply on hand in cars, chutes and 
bins. 


moving in 


supply. 
(F)—Tons in storage. 


FIG. I2.—SUMMARY REPORT 
station and the number of cars en route, and where located. This 
gives the fuel supervisor complete control of the fuel from the 
time it leaves the oil fields or coal mines until it is issued to 
the locomotive. It enables the company to transfer fuel from 
one point to another with the least possible delay and prevents 
the holding of cars at points where they may not be needed im- 
mediately, thus assisting the transportation department in keep- 
ing more cars in service. The telegraphic reports are followed 
by detail reports by mail. Fig. 12 shows a summary sheet upon 
which the telegraphic coal reports are entered each day. The 
symbols are used to facilitate the handling of the messages. 
When delivering coal or oil to an engine the fuel foreman 
makes out a ticket, Fig. 13, in triplicate; one copy is given to the 
engineer, another is sent to the fuel supervisor, and the third is 
retained in the book to protect the fuel foreman. The daily 
coal performance of each engine is watched closely, as will be 
described in another section of this article. The fuel consump- 
tion per ton mile depends upon the class of service in which the 
locomotive is engaged and to assist in the preparation of the re- 


(D)—Cars and tons on hand at each station, or 
i trains 


(G)—Tons in chutes or bins. 


FORM FOR TELEGRAPHIC COAL 


(H)-—-Amount of coal in cars, chutes or bins, 

using billed weights of cars for tonnage. 
(J)—Cars Stock A coal held on division for 
(K) 


for this division’s 


_ movement to connecting division. 
Received at each station. 


REPORTS—SANTA FE. 


ports for the different classes of service the coal tickets are of 
different colors; white for freight service, red for passenger, 
yellow for switch and blue for mixed freight. 

Every twenty-four hours a report is sent to the fuel super- 
visor showing the issues made during that time and the condi- 
tions at each station. Fig. 14 shows the arrangement of this 
report for fuel oil. The report from the coaling stations is, of 
course, made on a different form. 

The tender tanks are calibrated so that the amount of oil 
which is taken may be determined accurately. The coaling sta- 
tions which have pockets are accurately calibrated and it is in- 
tended also to calibrate the coal pits on each engine tender. 


Education of Firemen. 
WHAT IS TO BE EXPECTED:— 
When there is only one traveling engineer or fireman 
io from 400 to 1,500 miles of road. 
When green firemen are placed on an engine without 
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preliminary instruction as to their work, and are left to 
shift largely for themselves. 

When the traveling engineer or fireman is an ex-engi- 
neer who was graduated from firing so long ago that 
his recollections of it are mellowed and softened by age. 

li”hen a traveling engineer or fireman has grown so 
portly thai he cannot fire more than a few minutes 
before he is tuckered out—even if he has not a “biled” 
shirt on. 

When most roads do not furnish the firemen with any 
printed instructions as to their duties and the proper 
method of firing, but often rely upon an inefficient force 
of traveling instructors who in some instances are en- 
tirely unsuited for this work. 

When absolutely no record is kept of the coal per- 
formance of the different crews—in order that the poor 
firemen imay be located and followed up; or if one is 
kept it is not wssued until from 20 to 90 days after the 
end of the mcuth and is ancient history before it comes 
to light. 

When coai performance records entirely disregard the 
effect of poor dispatching and conditions not under the 
controi of the engine crew. 

When the amount of fuel issued is oftentimes guessed 
at by poorly paid and sometimes ignorant hostlers—not 
always proo; against a good cigar. 

When ihe dutics of ihe traveling engineer or fireman 
often vequirz him to spend the greater part of his time 
im connection with office work. 

When the fireman himself is not ambitious and does 
not take a proper interest in his work—but what can be 
expected under some of the conditions 
above? 


mentioned 


Traveling Engineers or Firemen—Investigation shows that 
about two-thirds of the railroads have no special courses of 
instruction, or printed matter, to guide the enginemen in the 
economical use of fuel, but depend entirely upon the traveling 
engineers or firemen to instruct the men. This is all well enough 
if these men have been properly selected and are the right kind of 
men; if there are plenty of them, and if they are not loaded down 
with a lot of other duties which interfere with their riding on 
the engines and instructing the men. Unfortunately these ideal 
conditions do not pertain on many roads. 


In discussing the qualifications of the road foreman of engines 
D. R. McBain, of the Michigan Central, spoke as follows before 
the last meeting of the Traveling Engineers’ Association: 

“Usually men are selected for these positions (road foremen 
of engines and traveling engineers) who are successful engi- 
neers, who are skilful men, and who are thought by their supe- 
riors able to impart such information as their success and skill 
would denote, to the rank and file of enginemen, where needed. 
The tremendously skilful man is not necessarily the most suc- 
cessful, as he is likely to give his men the idea once expressed 
in the hearing of the writer by a conductor who was about to 
start on his first trip in that capacity, that he drew the pay and 
what he said ‘must go, right or wrong.’ A better man for the 
position of road foreman of engines, or traveling engineer, is the 
man who will do his best to impart to his men such useful infor- 
mation as he is sure of and discuss with them any other point 
and not make a decision until he knows. 

“Success and skill are not all that is essential in a road fore- 
man, or traveling engineer. Good judgment, a cool head, a 
temperate tongue and a ‘thick skin’ are perhaps the best assets 
he can have, as without them he is not likely to possess the art 
of ‘approaching’ in a satisfactory manner, the rank and file of the 
enginemen with their various dispositions.” 

In addition to being a good instructor, and a good “mixer,” 
the traveling engineer should preferably be a young engineer 
who has had a first-class record as a fireman and can get down 
and fire, when necessary. The remark has been made that if a 
test for traveling engineers was given, similar to that which 
President Roosevelt arranged for the army officers in connec- 
tion with riding, equally good results might be brought about. 


How can we expect to secure first-class traveling engineers, 
with the above qualifications, if the railroads are not willing to 
pay them more than they could make on the first-class runs? 


Literature-—About one-third of the railroads use other meas- 
ures for instructing the enginemen in the economical use of fuel, 
in addition to the instruction given by the traveling engineers. 
This consists in some cases of printed instructions as to the 
economical use of fuel, which are issued to each engineman; in 
some instances bulletins are sent out from time to time; in still 
other cases fuel meetings are held. 

Only a few roads issue instruction books. On two roads, the 
Chicago, Burlington & Quincy, and the Great Northern, these 
books are quite elaborate. They include a section on economical 
firing, which treats of the theory of combustion and the proper 
methods of firing under varying conditions; a chapter on eco- 
nomical boiler feeding and one on the economical use of steam. 
Other roads furnish booklets, which may be purchased upon the 
open market, such as “Information,” by George M. Carpenter, 
fucl expert of the Nashville, Chattanooga & St. Louis Ry., or 
“Fuel Economy,” by George H. Baker. 
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FIG. 13.—FUEL OIL TICKET, 


Several roads issue bulletins on fuel economy from time to 
time. One of the most successful bulletins of this kind is known 
as “Circular Letter No. 550,” issued a number of years ago by 
R. Quayle, superintendent of motive power of the Chicago & 
North Western Railway. At that time the question of proper 
firing was attracting a great deal of attention and different roads 
were issuing instructions of various kinds as to the proper use 
of fuel. Mr. Quayle prepared a letter in which he called atten- 
tion to the necessity for the cooperation between the engineer 
and fireman and followed this with what is known as a chapter 
of “don’ts.” The result was a marked increase in efficiency and 
economy. These “don’ts” are as follows: 

DON’T think because you are only one engineer or fireman, that what 
you do does not amount to much. It is the little drops of water that make 
the mighty ocean, and the little grains of sand that make up this earth of 
ours; so each individual, in the aggregate, can do a great deal. If each 
engine crew saves one-quarter of a ton or five hundred pounds of coal, 
this on a thousand locomotives would result in a daily saving of two hun- 
dred and fifty tons, or in round figures $157,000 a year. 

DON’T neglect being at roundhouse in ample time to examine the firing 
tools on the engine before leaving the roundhouse. See that your ashpan, 
grates and flue-sheets are in good condition to make the run. 

DON’T fill the boiler full of water as soon as you get out of the house. 
Leave a space so the injector can be worked to prevent popping, while 
air pump exhaust is fanning the fire, pumping air to make the terminal 
air brake test. If you do this your fire will be in better condition to pull 
out with. The noises of open pop prevent trainmen from locating leaks. 

DON’T forget to start the lubricator a few minutes before leaving a 
terminal. Set it to feed regularly. The proper lubrication of valves and 
cylinders saves coal. 

DON’T forget when starting trains, to do so carefully, thus preventing 
damage to drawbars and draft rigging. By so doing you will save serious 
delays to your own as well as other trains. All delays mean extra fuel 
consumption to make up time lost. 

DON’T neglect using the blow-off cock, as it keeps the boiler clean and 
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water in good condition, and insures better circuation in boiler. 
Better steaming engine and a saving in coal. 

DON’T allow the engine to slip. This is an unnecessary waste of coal, 
wears out tires and rails, causes great damage to pins, axles and running 
gear, and generally results in spoiling a fire. 

DON’T pull out of a station with a train (after engine has stood for 
a while, and fire was allowed to get low) without first giving the fireman 
a chance to build up the fire. The time lost waiting to do this will save 
coal, and can better be made up before reaching the next station. Re- 
member this when you get a time order. 


Result: 


DON’T leave the reverse lever down in corner longer than necessary 
when pulling out of stations. No rule can be made to govern how the 
throttle and reverse lever should be used. This must be acquired by 
practice and obscrving the performance of the engine. Bring the lever 
up gradually, as speed is acquired. The lever hooked well towards center 
of quadrant, with throttie well open, usually gives better results than 
using the throttle to govern the speed. Up to five years ago we considered 
it good practice with our smaller power to run with wide open throttle, 
and as short. a point of cut-off as possible consistent with weight of train, 
but in our heavier and larger engines we find that it is better at many 
times to throttle the engine. Particular attention is called to all wide 
fire-box type locomotives. The engineer can permit the reverse lever in 
these eugines to remain low in the quadrant when starting from a station, 
for a greater length of time than with the other types of locomotives, without 
pulling the fire or losing steam. When you are running on short time, 
it would be good judgment for the engineer to take advantage of this when 
pulling cut from a station. In this engineers will use their best judgment. 

DON’T put four or five or more shovelfuls of coal into the fire at once. 
One or two shovelfuls will give better results, and these two should not 
be thrown in the same spot. It is good practice to fire on one side of the 
box at one time, and the next time on the other side of the box, in order 
that the bright fire on one side may take up the gases from the fresh coal 
on the other side. This will reduce the smoke and give more steam. 

Always fire as light as possible consistent with your work. Very heavy 
firing will make your flues and staybolts leak, and in time will crack your 
fire-box sheets. ‘he reason for this is that when you have a very heavy 
fire, the air will not pass up through it readily, and the gases pass off, 
because there is not sufficient oxygen to unite with them to produce com- 
bustion, and as the gases must get air from somewhere, the air is then 
pulled through the fire-door, causing the chilling of flues and sheets as 
referred to above. 

DON’T allew steam to escape at pops unnecessarily. Frequent blowing 
off at pops shows improper judgment, and implies that the engine crew 
is not practicing economy. Tests have demonstrated that % Ib. per 
second or 15 lbs. per minute is wasted.. This amounts to about one 
ordinary scoopful, and in most cases may as well have been thrown on the 
ground as into the fire-box. There are only 133 scoopfuls in a ton of 
coal. so you can see that you would only have to have your pops open 
one hundred and thirty-three minutes in a whole day in order to throw a 
ton of coal away. 

DON’T open the fire-box door to prevent steam blowing off at pops 
when engine is working: dropping dampers is a better practice. 
of air is cut off, and combustion is partially suspended. When engine 
stops blowing off, open dampers again, before putting in coal. This 
method keeps fire in better condition and saves coal. You have no doubt 
noticed that cn Class R Locomotives, when working hard on a hill, you 
have to shut your dampers in order to keep your fire from turning over. 
‘This is because the exhaust pulls too much air up through the grates, and 
causes your coal to be too active, and to prevent this activity of coal as 
well as increased combustion which follows, we consider it a good thing 
to drop your danipers, as per above. 

DON’T insist on having the maximum steam pressure with pops opening 
occasionally when handling light trains, when less pressure will handle 
the train on time, thus avoiding the opening of pops. 

DON’T forget, when engine is shut off for stations, to drop your dam- 
pers, opening the fire-box door slightly if necessary, and using the blower 
to carry off the black smoke. 

DON’T blame the engine or coal, if engine is not steaming properly, 
before you have ascertained whether or not both of you are doing your 
duty. Talk it over; see if injector is not supplying more water than is 
being used, or that fireman is not firing too light or too heavy. Heavy 
firing is responsible for more poor steaming engines than the lighter method. 
You all know some engine crews have better success than others with 
the same engines and conditions. Think a little: there must be some cause 
for this. 

DON’T wait untii you get the signal to pull out before building up the 
fire. This should be done gradually until the proper thickness has been 
reached. A good fire to start with is essential to maintain the proper steam 
pressure, while engine is working hard getting train under way. After- 
wards distribute the coal evenly on sides, ends and corners. Do this 
systematically, keeping in mind where you have placed the last shovelful, 
thus avoiding getting holes in fire,and prevent piling up coal all in one 
place. Endeavor to keep the steam pressure uniform, with as little black 
smoke as possible. Experience has taught that engines with draft appliances 
properly adjusted require very little coal in center of fire-box. 

DON’T permit the water to get so high in boiler that it is carried over 
into the valves and cylinders. This usually occurs when pulling out of 
stations, and the water carries off the oil, which not only results in cut 
valves and cylinders, but the extra friction damages the entire valve 
motion, to the detriment of the power of engine and the coal record. 

DON’T gauge the amount of water an engine will safely carry by water 


The supply 


coming out of stack. Keep it low enough to insure dry steam being used, 
because moist steam has the same effect as water. Usually one-half glass 
or two gauges give best results. Be careful, however, that. when ascending 
a grade, and you are about to pitch over the other side, that you have 
sufficient water to keep your crown-sheet thoroughly covered. If your 
custom has been to carry high water, try less and note results in better 
handling of tonnage, also saving in coal and oil. 

DON’T neglect to take advantage of your excess steam before your en- 
gine is about to pop off, by making a heater of your injector, blowing 
steam back into the tank to warm the cold water, but avoid getting it so 
hot that the injector will not lift the water. By doing this you will keep 
your engine from blowing off at pops, when standing at stations after the 
boiler is filled up. You have all tried warming the water in the tank to 
kelp a poor steaming engine, with good results. What is good for a poor 
steaming engine will surely help a good steaming engine do better. Try 
it and you will find that it will not only save work for the fireman, but 
will make a better coal record for the engine crew, besides keeping the tank 
from sweating, which you are aware spoils paint. 

DON'T think the fireman alone to blame for your coal record. The best 
and most economical fireman cannot make a showing with an engineer 
who supplies more water to boiler than is being used, and who shuts in- 
jector off only when boiler is pumped full. The proper handling of the 
injector is one of the most important matters in saving coal. Feed water 
to boiler according to demands. If on through train, keep water level as 
possible. Jf on way freight or switch trains, lose a little water between 
stations. Fili up again while drifting into, standing or switching at station. 
The advantages of supplying less water than is being used between stations 
are: It requires less coal to keep up steam pressure when running; also 
leaves a spacc so injector can be worked to avoid pops opening, and 
heavier fire can also be maintained to do switching, without the possibility 
of the fire being pulled. 

DON’T puli out, after making a stop, with injectors working. The cool 
water introduced during period throttle was shut off is put in circulation 
throughout the boiler, and pointer on gauge drops back from five to twenty- 
five pounds. The fireman must then fire heavier to regain the lost steam, 
and naturally will use more coal. ‘This condition exists also when engine 
has gone down grade with throttle shut or slightly open. Shut the injector 
off before opening the throttle. If this is not your practice, try it and 
note the difference. 

DON’T wait for the pops to open, and use this as a signal to put on 
the injector. Keep an eye on the air gauge, steam gauge and water glass. 
You ali know this can be done without detracting your attention from the 
track ahead. A look for an instant every mile or two will keep you in- 
formed, and is a good habit. Doing this will also keep you posted on air 
pressure, and may avoid difficulties should the air pump stop. The fireman 
should also keep am eye on the water glass, as the engineer is sometimes 
compelled to keep the injector at work to prevent the engine blowing off. 
When glass is full, the fireman should fire lighter, to give the engineer a 
chance to shut off the injector, and not have engine blow off. However, 
this condition should only exist when injector cannot be worked fine enough 
to just supply amount used. This sometimes occurs when card time is slow, 
or on down grade, or when running with light train. 

DON’T put too much coal under the arch of engines with sloping fire- 
boxes, because these engines naturally pull the coal ahead, which results in 
forward section of grates becoming stuck and clinkered over, and fire is 
pulled in back end of fire box. Experience and observation will teach you 
to put most of the coal in back end of fire-box. 

DON’T think engine having two fire-box doors requires twice the quantity 
of coal it would if it had but one. The extra door is for the purpose of 
distributing the coal more evenly over the grate surface, with less effort 
on the part of the fireman, 

DON’T shovel large chunks of coal into fire-box, because you find them 
on the tank. The coal house men have instructions to break it the size 
of an apple. If not properly broken, report it to road foreman of engines 
or to master mechanic, instead of fellow engineers or. firemen, but don’t 
think it a hardship to break some occasionally. Better break it than to 
throw in large chunks. They are foundations for clinkers. 

DON’T expect the fireman to fire the engine with one or two scoops 
to each fire, and also ring the bell for highway crossings and stations. 
Some engineers expect this. If engine is equipped with an air bell-ringer, 
get into the habit of starting the bell-ringer when blowing the whistle. 
By so doing, the habit will become as fixed as whistling for crossings and 
Stations. Besides, it is just as important. Remember the engineer is 
responsible. 

DON’T put in a heavy fire about the time the engine is shut off for a 
station or down-grade. The heavy cloud of black smoke is evidence the 
engine crew is not working in harmony or practicing economy. If on train 
that stops at all stations, the fireman should guard against it and learn 
when to stop firing. He will be governed by grade, service and weather 
conditions. If train does not make all station stops, the engineer should 
keep the fireman informed of intended stops. 

DON’T forget that different qualities of coal and different makes of 
grate used, govern the shaking of grates. Coal that fills up and clinkers, 
requires more attention than the better grade. The object is to keep the 
grates free so the proper amount of air can be admitted. 

DON’T neglect cleaning your fire on trains that are long hours on the 
road. Make use of the firzt opportunity. You will get better results with 
less labor and coai, and avoid leaky flues. Better clean out a small amount 
two or three times than not clean it at all. 

DON’T take coal or water oftener than necessary, as it requires an extra 
amount of coal to again get a heavy train in motion, especially on a grade. 
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Good judgment 1s required, in order not to run short before getting to 
next coal chute or water tank. Where possible take water only from tank 
containing good water, and as little as you can from tanks containing poor 
water. 


DON’T forget that leaks in the vir pressure are being kept up by an 
equal amount of steam. pressure. As it takes coal to make steam, air leakage 
means a waste of coal. Keep apparatus on your engine tight, and insist 
on trainmen doing their part. 

DON'T try to put more coal on tank than will lay on it securely. All 
coal dropped off by overloading is wasted. Also keep coal from falling out 
of gangway when running. ‘This may be only a little each day, but it all 
counts against your coal records, besides it looks badly when strewn along 
the tracks. You can not save coal by the ton; it must be in pounds, which 
in time make tons. 

DON’T forget to make an intelligent report on your work slip on arrival 
at roundhouse. Consult your fireman in regard to any defect that has come 
to Lis notice, especially with grates, dampers or firing tools. 

DON’T neglect reporting the pop valves ground in when leaking or when 
they blow back eight or ten pounds before seating. Also report leaky piston 
rod and valve stem packings, or if cylinder packing or valves are blowing. 
All these leaks draw on the coal pile unnecessarily; it takes coal to 
generate the wasted steam. This also applies to leaky steam heat appliances, 
cylinder cocks, etc. 

DON’T neglect looking at coal report each month to see how you stand 
in relation to others in same service with whom you are comparable. The 
other crews get the same pay you do, and it should be your aim to be 
as economical with both fuel and supplies as they are, other things being 
equal. Keep posted and be with the average. It will be to your credit 
and interest some time; therefore aim to be at the top. 

DON’T think when coal report shows you using only two pounds more 
per 100 ton miles than other crews in same service, it is close enough. This 
means tw? pounds more used for every mile you hauled 100 tons—or 
another way, two pounds for every 100 tons hauled one mile. Figure this 
up and you will find in hauling 1,000 tons 100 miles, a difference of 2,000 
pounds or one ton. This method of showing up the individual record 1s 
more equitable to all than on basis of miles run per ton of coal. 

DON’T think, after reading over this chapter of “‘DON’TS” you should 
save coal to the detriment of the service. The actual amount required to 
make up time, keep on time, or handle tonnage, is not what we are trying 
to save; it is the waste. You will notice the proper method of handling the 
engine to the extent of the economical use of fuel only has been considered. 

Fuel Meetings.—-On several roads fuel meetings are held from 
time to time. On the Chicago, Milwaukee & St. Paul these coal 
meetings are held at the various division points three or four 
times a year. In addition to the engineers, firemen and mechani- 
cal officials, the local operating officials are also present. The 
men are encouraged to express their views and criticize methods 
and these meetings have been instrumental in bringing about 
splendid results, not only as concerns the work of the engine 
crew but also in connection with the operation of the trains, 
etc On another road in the middle west the assistant superin- 
tendents of motive power recently went over the divisions where 
they were best acquainted and hired halls and talked to the 
enginemen on the economical use of coal. 


Coal Premiums for Enginemen. 


The practice of paying premiums to enginemen for the eco- 
nomical use of iuel is being used extensively abroad. It has 
been tried to some extent in this country—has in fact been used 
for a number of years on several large systems. Two important 
roads have recently discontinued the practice in this country and 
as far as we have been able to ascertain it is not now in exten- 
sive use on any road. 

Some of the more important reasons urged against its use are 
as follows: The systems ordinarily used for determining and 
checking the amount of coal placed on the tender are far from 
perfect; the grade of coal used on many roads varies consider- 
ably, sometimes even on the same division; the engine crews are 
not credited with excess consumption of fuel due to poor dis- 
patching and adverse conditions not under their control; the 
condition of power is far from uniform. Possibly the most 
important reason is that fuel is comparatively cheap and as yet 
there is not the same stern necessity for fuel economy as there 
is abroad. Undoubtedly the time is not far distant when the 
railroads may be forced to practice far greater economy than is 
now used and conditions will gradually come about which will 
make it possible to secure the same careful, systematic service 
from enginemen as is found in England and on the continent. 

Among several questions on the use of fuel on locomotives, 
which were recently submitted to a number of superintendents 
of motive power was this: Do you pay your enginemen pre- 


miums for the economical use of fuel? The answer was in all 
cases in the negative. Extracts from three of the letters, which 
touch upon this question, are as follows: 

“We maintained a coal premium system for many years. It was dis- 
continued at a comparatively recent date, with the idea that by the addi- 
tion of instructors, and an increase of inspectors, the economical use of 


fuel would be promoted better than with what had gotten to be a very 
complex system of coal premiums.” 
“The premiums given to enginemen for saving in fuel have lately been 


abolished, as it has not proven economical. This system was based on the 
ton mile.” 


“For a number of years we kept an individual record of the coal con- 
sumption by each engineer, and gave them a credit mark each month based 
upon the number.of pounds of coal per loaded car mile; but, after a thor- 
ough trial for a number of years, we reached the conclusion that there 
were so many variables entering into the computations that they were 
1eally not accurate, and, in some cases, misleading. I think the engineers 
themselves became impressed with this idea, and lost interest in endeavoring 
to secure high rank on fuel performance. The men who made the best 
records in many cases are the same men who have since maintained good 
fuel records, and wovld do so under any conditions, they being the men 
whose interest and pride is in doing their life work well; the other class 
are hard to reach or to stimulate; we, therefore, after carefully considering 
the matter, felt that the expense of keeping individual records was not 
justified, and that form of record has been dropped; for the same reasons, 
we do not pay fuel premiums to engineers or firemen.” 

Some railroad officers believe that a premium system estab- 
lished under proper conditions offers one of the most inviting 
means of effecting economies, not only in the use of fuel but in 
other directions. The indications are that the matter will be 
tried out on at least one road and under conditions which will 
be radically different from anything which has been done here- 
tofore in this country. 

The premium system on one of the French roads was de- 
scribed cn page gt of the March, 1905, issue of this journal in 
connection with one of G. M. Basford’s letters on “Impressions 
of Foreign Railroad Practice.” This road pays premiums not 
only for fuel economy but for making up time when the engine- 
men are not responsible for the delay, for economy in lubrication, 
and for runs independent of premiums for economy. They are 
fined for excessive fuel consumption and irregular runs. These 
fines are rigidly enforced unless the engineer can prove that it 
was due to some cause over which he had no control. 





Fuel Premiums for Traveling Engineers. 


One road pays its traveling engineers premiums based on the 
average fuel consumption for each division. Allowances are 
made for each class of service, as follows: 

Heavy passenger trains, one ton per 10,000 ton miles. 

All stock or time freight trains, .8 Lon per 10,000 ton miles. 

All other freight trains. .¢ ton per 10,000 ton miles. 

witch, worl: trains or helver engines, .25 ton per 10,000 ton miles. 

Idle under steam, .025 tons per hour. 

The superintendent of each division keeps an accurate record 
for each engineer and fireman, showing the coal consumed for 
each trip, the coal allowed and the excess. 

The traveling engineers have a fixed salary of $125.00 per 
month. In addition they receive $1.00 for each point the per- 
centage is reduced below the allowance for the first 10 points and 
$5.00 per point thereafter. Changes are made in the schedule to 
allow for winter and summer weather. Very satisfactory results 
are claimed for this method. 





Fuel Performance Records. 


Daily versus Monthly Reports—The monthly engine perform- 
ance reports, as compiled on most roads, are not issued until 
from 15 to 60 days after the end of the month and are of little 
value in checking up the fuel performance of the different crews. 
While they show the relative performance of the different crews 
in a general way, they do not distinguish clearly enough—in 
most cases—between the different kinds of service in the same 
general class, nor do they take into consideration conditions 
which may materially affect the fuel consumption, but which are 
not under the control of the enginemen. Because of this, these 
reports seem to have gradually lost their value as a means of 
spurring the men on to better efforts. 

Realizing this, at least four roads have established what is 
known as “daily engine performance reports” which show the 
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tonnage, fuel consumption, weather conditions and train move- 
ment of each run. These reports are issued the day following, 
or at the latest the second day after the trip. In general, exces- 
sive fuel consumption is due to adverse weather conditions, poor 
train movement, poor fuel, a defective locomotive or poor work 
on part of the engine crew. Ii the weather conditions and train 
movement are favorable the responsibility for poor performance 
lies between the fuel, condition of locomotive and the crew. The 
matter is at once taken up with the roundhouse foreman and the 
engine crew, and the trouble is located. These reports have 
resulted not only in the more economical use of fuel, but have 
called forcible attention to the poor condition of locomotives 
and fuel. In some instances they have been the means of bring- 
ing about better train movements. 

The four railroads using the daily report system are the Chi- 
cago, Milwaukee & St. Paul Railway, the La Crosse division of 
the Chicago, Burlington & Quincy, the Great Northern Railway 
and the Atchison, Topeka & Santa Fe Railway. The methods of 
collecting and compiling the data for the “daily reports” on these 
roads, and in fact the reports themselves, differ considerably, 
although they are intended to accomplish the same general result. 
This may be seen from the following descriptions: 





Daily Engine Performance Reports. 
Chicago, Burlington & Ouincy.---In 1905 Mr. N. Frey, master 


mechanic of the La Crosse division of the Chicago, Burlington 












“train,’ “miles,’ “tons” and “engineer” from the dispatcher’s 
train sheet. The coal clerk in the master mechanic’s office adds 
the tons of coal used and the fireman’s name, and calculates the 
ton miles and the pounds of coal used per 100 ton miles. 

The engineers are required to fill out a delay report for each 
trip, Fig. 16. The cause of the delay is entered in the column 
headed “remarks.” When the coal clerk has completed the coal 
performance sheet he attaches the delay reports to it and hands 
it to the master mechanic. If the coal consumption per Ioo ton 
miles is excessive for a certain run the master mechanic or the 
road foreman of engines can refer to the delay report and see 
the exact conditions under which the run was made. If the 
deiays on the run are not excessive and the weather conditions 
are favorable something must be wrong with the grade of fuel, 
the firing, or the engine, and the matter is at once taken up 
with the engine crew and the roundhouse foreman. 

At some points on the division the coal is actually weighed 
when it is delivered to the engine; at others it is measured in 
buckets, while in some cases the hostler estimates it. The ten- 
ders start from the terminal with a full load. Wherever coal is 
taken the hostler fills in a slip in the engineer’s coal book and 
tears it out and forwards it to the master mechanic’s office by 
mail. Before the small slip is torn off (there are three of them 
attached to each large slip) the proper notation is made on the 
large slip shown in the illustration (Fig. 17) and on the stub, 
which is similar to it. At the end of the run coal is taken; the 
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FIG. 15.—DAILY COAL PERFORMANCE REPORT, LA CROSSE DIVISION OF CHICAGO, BURLINGTON & QUINCY RAILROAD. 


& Quincy Railroad, put into effect a system of daily engine coal 
and delay reports, which not only effected a considerable saving 
in fuel but has otherwise improved the service. 

The following results gained during 1905 and 1906, as com- 
pared with 1904, are of interest: 


COAL PERFORMANCE. 
Through Freight Service. 
1904. 1905. 1906. 
(. & & merrrerere re 1,133,402,447 1,265,182,755 1,401,072,722 
SOMO GO WINE doi cctecncaces 85,823 86,712 ‘ 
Lbs. coal per 100 ton miles... 15.1 13.7 12.7 


Improvement in Pounds of Coal Used per 100 7 Miles. 
190 4 lt 


OUST WR cv cccccscccnsceascsese i. Ss. 
a Pee ee cee 2.4 is 
BOGS Ea bch cccecccsasccdancess 1.0 - 


To handle 1905 tonnage on basis of 1904 would require 8,856 more tons 
of coal valued at $15,055.00. To handle 1906 tonnage on basis of 1904 
would require 16,862 more tons at a cost of $28,665.00. To handle 1906 on 
basis of 1905 would require 7,005 more tons at a cost of $11,910.00. 

This system was not applied to pasSenger service until 1906. 
The following is a comparison of the results gained during that 
year and 1905: 

COAL PERFORMANCE. 
Passenger Service. 


905. 1906. 
Tuted Ce GI. oic.ks cicawecsidescsccs 3,048,016 4,152,334 
Fetes We GURL WG ccicacctiadeicccas 25,047 28,855 
Lbs. of coal used per car mile......... 16. 13.9 


Saving 1906 on Basis of 1905. 
In Ibs. per car mile......-....ceeeee 5 
Fe OO GE GG neds ck <iccccebccneas 5,190 
Valeo: of abel G0GR soc. ccicsesceccccs $8,853.00 


One of the daily coal performance sheets is shown in Fig. 15. 
The division superintendent furnishes the items “engine,” 


























amount burned on the trip is therefore equal to that taken on the 
run and at the end of the trip. The hostler at the terminal for- 
wards the large coal slip to the master mechanic’s office. The 
daily coal performance reports are being used in connection with 
the way freight service, as well as with the through freight and 
passenger service. The results with the way freight are, how- 
ever, not as accurate, as the tonnage used in the calculations is 
that of the train when it reaches the terminal. It has been 
found that this usually agrees quite closely with the actual aver- 
age tonnage during the run. If necessary, the actual tonnage 
could be secured but the conditions on this division are such 
that it is not thought necessary. 

The cost of keeping these records is about $25.00 per month. 
In addition to checking up the poor enginemen it has been found 
of great value in locating mechanical defects. The engines in 
the through freight service are pooled and if a certain engine 
shows up poorly with two or three different engine crews the 
roundhouse foreman is asked to give it a thorough inspection, 
and invariably something is found to be wrong, such as leaky 
steam chest bushings, steam pipes, etc. When the report was 
first started seventeen loose piston valve bushings were located 
and renewed. Under ordinary conditions these would probably 
not have been discovered for a considerable time. 

The delay reports are quite necessary in connection with the 
coal reports, as they place the responsibility between the operat- 
ing and mechanical department and the engineman is not called 
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that when the tender is filled at the end of the trip. 
With this information in hand it is the matter of 
only a few minutes to calculate the other informa- 
tion on the form. To facilitate the making of these 
calculations a set of tables, in book form, has been 
arranged by Mr. W. M. Harvey, auditor of mate- 
rial accounts. These are arranged so that it is pos- 
sible to quickly find the ton miles, knowing the 
tonnage and mileage. Having found this and hav- 
ing the pounds of coal used on the trip, other tables 
are included to determine the pounds of coal con- 
sumed to haul 100 tons one mile. 

These daily reports are completed the day fol- 
lowing, or at the most the second day after the 
run. One copy of the report is sent to the auditor 
of material accounts and the other is kept by the 
dispatcher. If the fuel consumption is excessive 
for a certain trip and the train has not been badly 
delayed and the weather conditions have been fa- 
vorable, the matter is called to the attention of 
the mechanical department, and the condition of 
the engine is looked into and the enginemen are 
called upon for an explanation. 


Based upon these train dispatcher’s reports a 
statement is prepared each month by the auditor 
of material accounts, showing the train miles, ton 
miles and average tons per train for the east and 
west bound trains on the different divisions; also 
the train miles, ton miles, average tons per train, 
pounds of coal consumed, average pounds of coal 
per 100 ton miles and average miles per hour for 
all of the trains on each division. This is for main 
line service only and makes it possible to compare 
the average performance on the different divisions. 
Under the “average tons per train” and “average 
pounds of coal per 100 ton miles” are three col- 
umns, so as to show the comparative figures for 


// 





Engine __ 2028 Engineer 





Weather Cond. Chea Fireman 


FIG, 





16.—ENGINEER’S DELAY REPORT, C. B. & Q. R. R. 


to account when the iault is in the dispatching. Monthly per- 
formance sheets are also prepared and posted in the round- 
houses. The accompanying table shows part of one of these 
monthly reperts. The crews are divided into what is known as 
first and second class; those in the first class have a coal record 
better than the average and those in the second class below it. 
The record reproduced is for through freight service. Separate 
reports are issued for way freight service and passenger service. 
PERFORMANCE OF ENGINEERS IN FREIGHT SERVICE 
ON LA CROSSE DIVISION. 
Month of December, 1907. 


Cost for 
Potal Pounds per Hauling 
: Ton Tons 100 Ton 1,000 Tons 
Engineer. Fireman. Miles. Coal. Miles. 1,000 Miles. 
First Class. 
Lakowsky, F. E. Fisher 3,290,605 162 10.0 85.00 
Snyder, C. J. Smith 5,908,873 299 10.0 85.00 
Larson, C. L. Beil 2,482,766 146 11.8 100.30 
Johnson, W. S.  Pruetz 2,957,526 183 12.4 105.40 
Boyer, John Dixon 5,564,709 353 12.7 107.95 
Total and average :— 
Se ONES ree 122,554,778 8472 13.8 117.30 
Same Mo. last vear 131,192,432 9305 14.2 120.70 
EE DAG: 6 six Bianca 154,952,831 10553 13.6 115.60 


Chicago, Milwaukee & St. Paul Railway.—The Chicago, Mil- 
waukee & St. Paul Railway has had in effect for a considerable 
time what is known as the “Train Dispatcher’s Daily Report of 
Train Tonnage and Coal Consumption.” The form for this re- 
port is shown in Fig. 18. The conductor wires in the gross ton- 
nage of the train from certain points known as “tonnage points,” 
places where a change is usually made in the tonnage. 

The coal pits of the tenders are supposed to be filled when the 
train leaves the terminal. The foremen at the coaling stations 
wire in, once a day or more, the amount of coal given to each 
engine. The dispatcher determines the total amount of coal used 
on the trip by adding the amounts for each engine, including 
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the same period during the previous year and the 
gain or loss over that year. 

Atchison, Topeka & Santa Fe Ry.—In connec- 
tion with the organization of the fuel department 
on the Santa Fe (see page 134), it has been found advisable to 
institute a system of daily engine performance reports to assist in 
locating the poor firemen and following them up, to locate me- 
chanical defects or defects in design which may effect the coal 
economy, and to check the improper dispatching of trains. 

The daily coal performance sheet may best be understood by 
reference to Fig. 19. As may be seen the greater part of this 
form is prepared from the train dispatcher’s report. The infor- 
mation in the column marked “not to be filled in by train dis- 
patcher” is filled in by the fuel supervisor. The coal or fuel oil 
consumed is taken from the daily reports sent in by mail from 
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FIG, 17.—COAL TICKET, C. B. & Q. R. R. 
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One of them, Fig. 20, is for the operating officers 


and is a check on the train movement and fuel consumption. The 
second, Fig. 21, shows the fuel performance for the different 


The last two columns show the total money gain, or 


loss, based upon the average cost per ton mile and serves to 
bring the importance of fuel economy forcibly before the men. 


Two simple monthly performance reports are also used to 
Great Northern Railway.—A daily bulletin of the performance 


umption is due to poor dispatching, weather cond 


poor firing and a defective engine. 


S 





the fuel stations; the other items are calculated in the office of 
the fuel supervisor. 

houses and copies are furnished to the road foreman of engines, 
master mechanics and superintendent of motive power. 


of enginemen (Fig. 22) is posted at the div 
statement covers road enginemen only 


days after each trip. 
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advantage. 
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FIG, 20.—MONTHLY FUEL PERFORMANCE REPORT FOR USE OF OPERATING OFFICIALS, SANTA FE. 


other than division terminals are not considered owing to the 
difficulty of getting information promptly. These statements are 
posted in the roundhouse early each day and excessive con- 
sumption of coal and oil, and delays due to engine failures are 
prompily investigated by the road foreman of engines. If the 
amount of coal used is excessive in comparison to the time on 
the road, size of train, etc., the roundhouse foreman is instructed 
to make a careful examination of the engine and if it is found to 
be in good condition the matter is taken up with the engine crew. 
In this way cases of improper handling of the engine and poor 
firing are often located. Excessive time on the road and bad 
delays are referred to the superintendent and trainmaster. 

These bulletins are said to be responsible for the prompt cor- 
rection of such defects as leaky steam pipes, improper draft, 
worn packing rings, etc., as the engineers are careful to report 
all necessary work, and if the coal consumption is high special 
efforts are made to locate the cause. As may be seen by refer- 
ring to the form, the train dispatcher, roundhouse ioreman and 
engineer are each expected to fill in independently certain of the 
columns, in some instances offering a check upon each other and 
insuring accurate information. The figures for column 12 are 
taken from the coal ticket stub, which is filled in by the engineer 
and is turned in by the hostler after the tender is filled at the 
end of the trip. Columns 12, 13, 14 and 16 are furnished by the 
oil house man at the terminal and the engineer makes a report 
of any oil or waste taken at other points on the trip. The coal 
ticket is practically the same as that used on the Chicago, Bur- 
lington & Quincy, as illustrated on Fig. 17. The hostlers judge 
as to the amount of coal taken. 

No monthiy statement is issued as to the performance of the 
enginemen, but a statement is made up each month showing the 
performances of the different classes of iocomotives on each 
division. This shows the mileage made by each class of engines, 
including light, freight, passenger, mixed, helper (freight and 


Hall 11.07 2M 7987 


passenger), work and switch service and the total mileage for 
all classes; the gross tons one mile for freight service; the pas- 
senger train cars one mile: tons per draft; fuel consumed in 
tons for freight service, passenger service and both; the average 
price of coal per ton and its total cost; the cost of repairs, 
divided into ordinary, general, wreck and total; the pounds of 
coal per 100 ton miles of freight service and per 100 passenger 
car miles; the miles run per ton of coal in passenger and freight 
service and per pint of valve oil and engine oil; the cost per mile 
run in cents, divided as follows: fuel, repairs, wages, oil and 
waste, stores and total. These figures offer a direct comparison 
of different classes of engines engaged in the same class of ser- 
vice, making it possible to determine which class or type is the 
most economical for that service. 
The Waste of Energy in Railroad Operation. 
By D. C. BUELL. 


(This paper was read at the 1907 convention of the Traveling 
Engineers’ Association. It is essentially a study of fuel econo- 
mies, for while some of the matters mentioned may seem foreign 
to that subject, yet each one is reflected to a greater or less ex- 
tent on the fuel bill. It serves to emphasize the fact that not 
only is it necessary for those in the mechanical department, who 
have actual charge of the fuel, to exercise care and judgment and 
co-operate with one another, but the various departments—pur- 
chasing, operating, maintenance of way and mechanical—must 
co-operate to secure the best results. The paper is worthy of 
the most careful thought and study.) 

The energy wasted on railroads may for our purpose be di- 
vided into three classes: 


First—Energy wasted by present well-established systems 
which, while known to be wasteful, nevertheless appear to be in 


Form 1133 Standard. 
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some cases the only practical, or, in others, the most economical 
means to accomplish the desired results. 

Second—Energy now wasted by improper systems of man- 
agement or improper or uneconomical machines or devices of 
various kinds now in use, these being under the control of offi- 
cials higher than the road foreman of engines. 

Third—Energy now wasted either by improper systems of 
management or by improper methods of handling or working 
machines, or the improper condition of the machines themselves, 
ever all of which the jurisdiction of the road foreman of en- 
gines extends. 

* * * * * * xe 

Science has proven that the mechanical equivalent of one heat 
unit (B. T. U.) is 778 foot pounds of work, so that to produce 
one horsepower for an hour would require power equivalent 
to 2,545 heat units. One pound of coal when properly burned 
will give off about 14,100 heat units, or enough to produce five 
and one-half horsepower for one hour. In locomotive service it 
takes at the lowest estimate twenty-five pounds of water (steam) 
per indicated horsepower per hour. Neglecting the loss due to 
friction of the engine, this would mean that to produce five and 
one-half horsepower per hour in a locomotive would require 
137% pounds of water, and as one pound of coal evaporates only 
about five pounds of water in a locomotive boiler, twenty-seven 
and one-half pounds of coal would be required, that only 
3.6 * per cent. of the actual energy in the coal is realized in this 
case, the other 96.4 per cent. being energy wasted, due to the 
method of converting the heat into work. 


* * * %* BS 


is, 


Aside from the method of generating power its use must be 
considered. The grade line of the road may be such that a very 


maintained. All increased resistance of this kind, 
means a corresponding waste of power. 

The foregoing cases are what might be called fundamental 
wastes on a road, that is, they are determined by the physical 
condition of the road, the class of power and equipment and the 
fixed policy of the management. There are numerous other 
wastes, however, that the road foreman of engines is directly 
interested in and which he can reduce to a minimum. 


of course, 


There is 
a possibility of a large loss of energy due to improper lubrica- 
tion of locomotives and cars. The subject has been so thor- 
oughly worked up by the different oil companies that there is 
no question but what the amount of oil generally allowed for an 
engine or car is sufficient if properly used or applied. A waste 
of energy will occur, however, if the matter is not properly at- 
tended to. Dry valves on a locomotive will make a difference 
of twenty-five to fifty tons in the train load that can be hauled 
over the grades, and there is reason to believe that the waste 
would be greater in proportion on a comparatively level road. 
Hot pins, eccentrics, driving boxes, etc., cause waste through in- 
creased friction of the parts, although the loss of time caused is 
a much greater and more costly item than the loss through in- 
creased friction; the same is true of hot boxes on trains due to 
improper lubrication. 
FUEL DEPARTMENT ORGANIZATION. 

The problem of fuel consumption, 
fuel, is another serious matter. On most roads there is no one 
man who is held accountable for the amount of fuel used. It 
would seem that there is room on a railroad to-day for a man 
whose title might be fuel superintendent, who would have charge 
of and direct the work now done by the fuel agent, including 
inspection of coal and the assignment of certain grades of coal 


or better combustion of 
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FIG. 22.—DAILY BULLETIN OF PERFORMANCE OF ENGINEMEN, GT. NORTHERN RAILWAY. 


large amount of power is wasted. Possibly a small expendi- 
ture on grade reduction would more than pay for itself in power 
saved. The method of handling tonnage is also to be consid- 
ered, as when the rating is too light energy is wasted by not 
using the machinery to its economical capacity, and vice versa; 
if an engine is overloaded, energy is wasted in slipping, stalling, 
in doubling hills and due to the much slower rate of speed at 
which train is moved, which is a controlling factor in consider- 
ing the amount of energy wasted. The type of steam engine 
used is a factor also, some roads using very large and powerful 
engines, others using small power, some with compound loco- 
motives, Walschaert valve gear, superheaters and other devices. 
all endeavoring to give greater economy and better service. 
Each type of engine, valve gear or special device, if it has 
merit, shows its greatest economy under certain special con- 
ditions, and in order to save, rather than waste, careful considera- 
tion should be given to the selection of not only the locomotive, 
but the special devices on it, to insure having a machine that will 
be economical under the conditions under which it will have to 
work. The track conditions in a great many cases are such that 
the friction or train resistance of the cars passing over it is 
greatly increased over what it would be were the track properly 





*The Pennsylvania Railroad locomotive tests at St. Louis showed heat 
efficiencies of from 3 to 8 per cent. for the various locomotives under 
different conditions. 


to various coaling stations. He would be so closely in touch 
with the mechanical department that he would be able to advise 
what class of coal was to be furnished each division point, so 
that engines might be drafted for the class of fuel to be burned, 
and he would have on his staff a corps of traveling firemen to 
see that the men were properly instructed concerning the prin- 
ciples of combustion and were firing their engines according to 
correct principles, and that the engines were drafted so that they 
would burn the fuel in an economical manner when properly 
fired. Such a man should be able to effect a wonderfully large 
saving when it is considered that to-day the fuel agent in some 
cases is trying to make a record by buying cheap fuel and will 
not admit there is such a thing as poor coal. The mechanical 
department, to avoid steam failures, is drafting engines to handle 
the poorest fuel, and the men on account of poor coal, improp- 
erly drafted engines, or lack of interest, are burning from ten to 
twenty per cent. more fuel than necessary. 

Of other channels through which energy is wasted may be 
mentioned the following: 


COAL WASTED. 
Coal not properly inspected at the mines, allowing slack and 
dirt in considerable amounts to take up space in cars, tanks and 


fire-boxes that the coal should occupy, to say nothing of the loss 
caused by dirty fires, clinkers, etc. 
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Coal spilled at coal chutes and not picked up. 

Coal stolen all along the line. 

Coal wasted on account of improper or wasteful methods of 
firing up engines at the roundhouse. 

Coal spilled from engine tanks being filled too full. 

Coal spilled from engine deck on account of its not being kept 
clean. 

Coal wasted through grates on account of the fireman shaking 
them improperly. 

Coal wasted on account of firing not being properly done. 


HEAT WASTED ON ACCOUNT OF: 


Ash-pans not properly made for admission of air to give 
proper combustion or not kept cleaned out. 

Engines not drafted right to give proper combustion. 

Boilers or flues being dirty. 

Steam leaks in fire-box or front end that interfere with the 
proper combustion of the fuel as well as wasting heat by the 
leakage. 

Forcing the fire too hard, drawing the gases out of the stack 
at too high a temperature. 

Engines not properly lagged. 

Heat wasted which might be saved by hollow fire-brick arches, 
combustion tubes, feed-water heaters or special devices of this 
nature that have been proven economical. 


STEAM WASTED DUE TO: 


Valves or cylinder packing blowing. 

Cylinders not smooth. That is, where the inside of the cylin- 
der wall has not become glazed so as to reflect the heat and keep 
it in the cylinder, instead of absorbing it, and radiating it out as 
a cylinder which is pitted or unglazed will do. 

Leaks across steam passages. 

Leaks in steam valves. 

Pipes or fittings leaking, either on the engine or in the cab. 

Improper location of piping or working of the injectors. 

Air leaks on the engine or cars. 

Steam heat leaks. 

Hot water leaks at any point from boiler or fittings. 

Steam wasted through the pops on account of the engine not 
being fired properly. 


POWFR WASTED ON ACCOUNT OF: 


Valves set improperly. 

Lack of lubrication. 

Improper feeding and firing of the boiler. 

Improper running and handling of the engine. 

Drafting the engine so as to give excessive back pressure. 

Improper handling of the air. 

Brakes set up too close. 

The waste of time on a railroad is almost always accompanied 
by a waste of energy because cars, engines and men are lying 
around when they might be doing useful work. 


TIME WASTED AT ROUNDHOUSE DUE TO: 


Engineers not making proper work reports. Some one has 
said that the word “examine,” as used by engineers on work 
book reports, has cost the railroad companies hundreds of thou- 
sands of dollars. Get your men to make correct work reports. 

Inefficient or insufficient force not getting work done promptly, 
thus delaying a $15,000 machine for want of machinist or helper. 

Sand-house, coal-chute, water tank and cinder pits not prop- 
erly arranged. If you study your terminal you may be able to 
suggest some improvement in the layout that can be made at 
reasonable cost and would save more than enough in the cost 
of handling engines to pay the expense. 

Lack of proper supplies at storehouse, requiring engineers to 
hunt up foremen and then spend more time robbing other en- 
gines to get what they want. 

Lack of tools on engines, so that engineers cannot do neces- 
sary work promptly. A good locker room where tools, oil cans 
and overalls can be locked up will save most of this trouble. 

Employing a boy who cannot be depended upon to do calling, 
when a few dollars more a week would pay for a man who 


would have some judgment and discretion and would save five 
times that amount in terminal overtime. 

Not having a proper record of where men live and can be 
called. 

Not having extra men enough to keep power moving as fast 
as ready and wanted. 

Not having men called in time so they can get ready to go out 
on their call. 


TIME WASTED ON ROAD DUE TO: 


Not having proper tools on engines in case anything happens. 

Trying to stop an engine at water tank with a long train in- 
stead of stopping short and cutting the engine off. 

Not having fire in condition to go, after meeting a train or 
getting orders. 

Not oiling around promptly. 

Engineer and conductor not working together to make meet- 
ing points or figure on station work. 

Careless handling of train and pulling out draw-bars and bad 
order of cars. 

Not watching for signals from train crew. 

Not having a supply of sand at convenient points between ter- 
minals for bad weather or emergencies. 

Engines not properly washed out, causing foaming and conse- 
quent loss of tonnage or time. 

Allowing coal to get in tanks, stopping up injector supply pipes. 

Not cleaning strainers in injector supply pipes at frequent in- 
tervals. 

Water accumulating in main reservoir, thus requiring a longer 
time than necessary to release brakes. 

Not keeping sanding devices in good working order, with re- 
sult that engine slips badly in starting train or on hard pulls. 

Engineer and fireman not working together so they will have 
steam and water where needed. 

Fireman not awaking to the fact that ash-pan needs cleaning 
until engineer and train crew are ready to go. 

Engineer laying down when something goes wrong with his 
engine when with a little thought and some energy he could 
have fixed things and brought his train in. 

Crew stopping to eat just where it suits them without notify- 
ing the dispatcher or regarding the possible disarrangement of 
his plans. 

Engineer or conductor not advising dispatcher if anything is 
going wrong so they cannot make the time expected of them. 
This hurts the other fellow at meeting points and maybe ties up 
the road. 

Engineer not willing to admit there is anything wrong with 
his engine, resulting in long arguments between engineer, con- 
ductor and dispatcher, with consequent waste of time. This is 
due in many cases to the fact that the engineer is “burned up” 
so badly if he admits an engine failure that he will deliberately 
say there is nothing wrong with his engine when he knows he 
could not make ten miles an hour with the train. Do not let 
your men get false ideas about not admitting there is anything 
wrong, so the train can be reduced if necessary. 

There is a great deal of energy wasted in the yard and on the 
road directly chargeable to the transportation department, part 
of the cost of which in many cases falls on the mechanical de- 
partment. For example, time wasted in not having trains made 
up, crews ready or the yard open so the engine can get to the 
train and get out on call. 

Indifference in matter of switching coal to chutes, cars of 
company material to the rip track or roundhouse, switching bad 
orders to the rip track and pulling and setting rip tracks prop- 
erly, pulling cinder track, etc. Along this line may be men- 
tioned the seeming delight some switchmen take in blocking the 
roundhouse leads, so engines cannot get in or out. 

There is also time wasted getting bills and orders, all of which 
is reflected in cost of coal charged against engines and wages of 
enginemen, etc. 

On the road there may be waste due to poor distribution of 
time on schedules, .poor dispatching, slow orders out which 
should have been canceled, orders put out at points where it is 
hard to stop and start when some place where train would have 
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to stop for water or a meeting point could have beer used just 
as well. 

Another waste is due to trains being made up improperly, 
loads behind instead of ahead, empty car doors open, short loads 
in what is supposed to be a through train, etc. 

Slow orders put out by the maintenance department also add 
to the fuel bill, because unfortunately they are usually neces- 
sarily placed on track just at the foot of a grade or on a curve 
on some hard pull. 

Many water tanks are located so that it is up-hill both ways 
away from them. Of course, the streams are usually found at 
the bottom of hills, but it is cheaper to pump water to a tank 
at the top of the hill than to pull the train from a standstill to 
the same point; stations are located so the train has to be stopped 
on a curve, and sidetracks so that with a full train the brake- 
man has to jump off and sprint for the switch, because “if they 
stopped they would have to double in.” 





LOCOMOTIVE FIRING. 


The possibilities of fuel saving are probably greater after the 
coal has been placed upon the locomotive tender than at any 
other point in its journey from the mine to the ash pan. Con- 
sidering a great majority of the locomotives in this country, 
which are easily within the capabilities of hand firing, and plac- 
ing the limit at possibly two tons of coal per hour burned, we 
know that there is an enormous amount of waste, and in most 
cases needless waste, going on all of the time. 

The qualifications of a good fireman are, first, intelligence or 
brightness and, secondly, physical strength and endurance. In 
a great majority of cases no large amount of strength is required 
for proper firing, in itself, and that factor enters into this prob- 
lem, the same as it does in all similar lines of activity, only when 
the action is constant and continued for a long period of time. 
Even then we find that the best firemen are not usually those 
who can raise the heaviest weight, but rather the men of mod- 
erate strength and great endurance. They are the fellows who 
fire properly and keep everlastingly at it. Your strong man will 
handle more coal and work harder; will be exhausted and re- 
quire a longer period of rest, all because he has performed much 
useless labor and incidentally has needlessly thrown away a large 
amount of valuable coal. Comparisons between the small wiry 
chap, who uses his head, and the big strong fellow, who heaves 
coal, are present at every division point in this country and al- 
most universally result in the favor of the former, provided, of 
course, he has been given the proper instruction. 

The results that can be obtained from the education of firemen 
have been most thoroughly discussed in the columns of this and 
other technical journals, as well as in papers before societies and 
clubs, but apparently have not been sufficiently impressive to 
cause the introduction of a practical course on most of our rail- 
ways. A few of the companies are furnishing their men with 
literature going more or less fully into the theory of combustion 
and giving detailed instructions as to the proper method of fir- 
ing, and still fewer have followed this up with a thorough course 
of individual instruction, but a very great majority have done 
neither and practically allow a new fireman to learn his busi- 
ness as best he can from his associates. 

On divisions where the proper grade of men can be obtained 
and the work of instruction is systematically and conscientiously 
followed out, most gratifying results, in the shape of improved 
fuel records, increased interest in the work, and a contented and 
loyal set of firemen, are possible. Upon the other hand where 
either a low grade of men is all that is available, or where 
the work of instruction is done in a half-hearted or slip-shod 
way by incompetent instructors, the education of the firemen is 
bound to be a fa‘lure in all ways. There will always, of course, 


be individual cases that it will be impossible to do anything with. 
These will usually be found to be confined to the man with a 
strong back and a weak head (which some one has facetiously 
stated should be the qualifications of a fireman), who can get 
over the road because of his strength, but cases of good firemen 
quitting because they could not stand the work, which was easily 





within their strength if they had been properly instructed, are 
not by any means uncommon throughout the country, and it is 
this feature that causes the greatest regret that more attention 
is not being given to the subject of education. If you cannot get 
firemen of sufficient intelligence it is unfortunate, but if you 
don’t keep those who are capable of learning, there is certainly a 
grave fault somewhere. 

The lines that should be followed in educating the firemen are 
covered in a general way in a previous section of this article. 
As far as the actual placing of the coal on the fire is concerned 
they consist very largely in convincing the men, both by sound 
reasoning and actual example, that it will pay, and pay well, to 
scatter well broken coal in small amounts on various parts ot 
the grate in succession, with such an interval between charges as 
will make it necessary to again cover the first point as soon as 
the whole grate area has been gone over. This, of course, with 
the ordinary locomotive, means continuous, but in most cases 
leisurely, work and gives no time for the seat box or anything 
else while the locomotive is working at full power. Opportuni- 
ties for the needed rest will be given on the down grade stretch- 
es, the stops for water, the waits at meeting points or for orders 
and the shut-offs for signals, flags, etc. This is the way firemen 
should fire and the way an intelligent educated fireman will fire 
provided he is not expected to take care of ten or fifteen other 
things at the same time. He cannot and will not do it if he has 
to break all of his coal; if he has to climb up and shovel it down 
from the back of the tender every half hour or so; if he is ex- 
pected to see every signal; if he has to clean out the ash pan 
at every stop for water; if he has to work against an injector 
that “forgets” or a couple’ of extra notches on the quadrant; if 
he is given dirt and slack for coal; if the competitive coal rec- 
ords are based on the guesses of an ignorant coal chute hand; if 
the records are posted six weeks after they are made; if an en- 
gine rated at 2,000 tons is habitually given 2,200 tons, etc., etc. 

The education of firemen will pay if it is given a chance, but 
there is no use in teaching a man to do a thing properly and then 
arranging conditions so that it will be impossible for him to do 
it that way. Give a fireman a small shovel, not over 15 lbs. ca- 
pacity, an automatic door opener and decent coal; teach him 
how to fire and if he is not loaded down with other duties and 
handicaps you will be surprised how little coal he will burn 
per ton mile or per car mile, as well as in the reduction of en- 
gine failures due to leaky flues and fire-boxes. 

Of course there are many conditions affecting the efficiency of 
the firemen over which the motive power department has no con- 
trol, and many others over which no one has control, all of which 
tend to neutralize the value of the properly educated fireman. 
But there are enough which can be controlled to make it very 
advisable to accompany a scheme of training firemen with a 
course of education and improvement along other lines. It is 
not an impossible condition to find master mechanics and even 
higher officials who are in need of a little educating in things 
which directly concern the firemen and the fuel bill. 

There is one condition, however, which no amount of training 
or education will improve, and that is a locomotive of’a size and 
power which no man can shovel coal enough into, properly or 
improperly, to develop its capacity. This would also include 
those locomotives which are capable of hand firing, only when 
everything is in perfect shape, and fall down under ordinary ad- 
verse conditions. At the present time there is no very large 
mumber of locomotives running in this country which would 
come strictly under this head and if we had only to consider 
these, there would be no great demand for mechanical stokers. 
There are, however, a large number of big engines which, from 
causes beyond the mechanical department’s control, and seem- 

ingly incapable of correction, a few of which have been men- 
tioned, are not able to give their full power with hand firing. 

At some points it is impossible to get men for firemen who are 
of a sufficiently high order of intelligence to be able to learn to 
fire properly and economically. This may be due to a poor 
source of supply; to a rush of business compelling the acceptance 
of any one, or to working conditions and surroundings, which 
no self-respecting man will put up with. No matter what may be 
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the cause of their presence such men will not be able to develop 
the full power of a big locomotive over a division of average 
length. 

Again it may be very desirable, and possibly profitable, to use 
a grade of fuel which is so high in ash and impurities as to com- 
pel a man to get it into the fire-box as fast as he can, so as to 
have time to shake the grates. He certainly cannot properly de- 
velop the power of the locomotive under these conditions, even 
if the fuel is capable of doing it at all. 

Thus there are four conditions which are beyond correction by 
the proper education and training of the firemen, and even be- 
yohd correction by the mechanical department. These are,— 
very large locomotives; operating conditions making proper fir- 
ing impossible; low grade of men and use of low grade fuels. 
Under such conditions we are compelled to look to a mechanical 
device if we are going to get out of our locomotives all that is 
in them for the whole length of a long division. 

There are also many conditions which seem to 
pressing need for the mechanical stoker, but which are within 
the control of the mechanical department, and can be solved 
much better in other ways. These have been touched upon more 
or less fully above. 


indicate a 


For the purpose of getting an idea of the actual state of affairs 
in respect to how general and insistent a demand for mechanical 
stokers exists, 
power officials 
sons therefor. 


a letter was sent to about seventy-five motive 
asking their opinion on the subject, and the rea- 
The letter also asked for an account of any ex- 
perience that they may have had with mechanical stokers. 

The answers as a rule were perfunctory and indicated that 
while a large majority thought a mechanical stoker was badly 
needed, the conditions were not serious enough to cause any 
special efforts being made to alleviate them, in any other way, 
while awaiting the perfection of a satisfactory stoker. Quite 
a number had given the subject more careful study and basing 
their deductions on the conditions existing on their own lines 
arrived at some very sensible and definite conclusions. 

One motive power official who is well known for his clear-cut 
opinions on big subjects, writes as follows: 

“As far as we are concerned we do not at present feel the need of the 


mechanical stoker on locomotives, unless its adoption should result in a 


general and substantial saving in fuel. It is possible that the application 
of a mechanical stoker to all our engines might do this, but my feeling is 
that the mechanical stoker can at preseat only represent average good firing 
and while it might give superior results to a poor fireman it could hardly 
be equal to the best. 

“The arises as to 
money spent in educating our firemen and 
would not give equally as good results as 
stoker and 


question, however, whether the same amount of 
following the matter up closely 
the adoption of the mechanical 
could be obtained without as much 
Anything we add to the locomotive, while it may 
appear simple and substantial, will ultimately mean expense for maintenance 


and occasional trouble from 


possibly as good results 


money being spent. 


failures, and unless some real advantage is 

going to be gained from its use it will be a very questionable device to go 

into. 
“While 


much 


we have tried the mechanical stoker we have not so far had 
but I do not consider that the small number used 
has muck to do with the stokers not working satisfactorily, but more on 
account of attention to the stoker not being worth the trouble when all 


things are considered.’ 


success with it 


An answer from a road which burns oil on some of its di- 
visions and hence has been able to observe the result of com- 
parative idleness on the labor situation is in part as follows: 

“What going to the expense of installing 


stoker equipment when already firemen are being paid (enough surely) to 
do this work? 


does the railroad gain by 
It has been my observation in a general way that only 
thosc men whose time and whose efforts are pretty fully taken up actively, 
are contented and would produce the best results. As an instance I may 
cite the case of firemen on coal burning locomotives as compared with 
firemen on oil burning locomotives: the former have to do a fair amount of 
pretty hard work to hold their jobs and the troubles in dealing with these 
men are due chiefly to the fact that most of them are quite young and have 
the rash impetuosity and hot headed devil-may-carelessness of youth; the 
latter has practically nothing to do but to sit on his spring seat cushion, 
occasionally touch the valve levers controlling the fuel oil, air, and steam 
supplies, and semi-occasionally funneling a little sand through the fire 
docr for the purpose of scouring out carbon and sediment deposits in the 
flues—he does not have to work so hard nor be so skilful as the engineer, 
and in fact has practically nothing to do but gaze out upon the burning 
desert wilds and think of his troubles. As a class, the oil-burning firemen 
are overpaid, are discontented, giving unsatisfactory service, are grossly 





wasteful of fuel and ready to seek any excuse to shirk scme portion of 
their duties; and their agitators and committees give constant trouble. 

“Would not the general application of the mechanical stoker, with its 
relict to the fireman of the only real work he is called upon to do, simi- 
larly serve to produce an unsatisfactory labor condition? The coal fire- 
men have to work so hard that only the fittest and most persistent can 
stay by the job; in this way we get a pretty good type of manhood for 
filling the later responsible positions as engineers; would this be the case 
if physical prowess was no longer a requisite for fireman’s service? 

“Would the mechanical stoker give economy in fuel? I doubt it just 
from such examples of automatic stokers applied to stationary practice as 
I have seen. The mechaxical stoker would be apt to give considerable 
trouble in repair and attention and I venture to‘say that it would add 
another fruitful source to the many producing engine failures. These 
repairs, moreover, would probably be quite costly at the year’s end, taking 
ordinary railroad conditions as the criterion. 

“In general, of course, the question of fuel is a very important one, in 
fact it is the most important consideration of all our immense industrial 
life and it is the largest single item ».f expenditure making up the cost 
of operating American railways, amounting, as it does, to approximately 
10 per cent of the operating expenses. It is not too much to say that if 
this matter was followed up very carefully, and practically perfect con- 
ditions of combustion were secured, on each and every engine of a rail- 
way, the total cost of fuel could be reduced one half. 

“While I 
under 


would 
ordinary 


regard the 
American 


mechanical stoker as not _ practical 
railroad conditions to-day, I do believe that 
such a device would have a limited field of usefulness as applied to some 
of our very largest engines in the very hardest service, e. g., pusher engines 
of the Erie Mallet type (which now require two firemen).” 

Two roads running west from Chicago reply as follows. One 
of these has a large number of “big” engines in both passenger 
and freight service. The other does not use very large loco- 
motives in either service. 

*“[ do not regard the neéd for a locomotive stoker as particularly urgent 
as we find it possible to get along pretty weli without it. 
tion is attractive 


The stoker ques- 
some railroads which find it necessary to 
burn infcrior grades of coal, which might be burned more satisfactorily 
by the use of a stoker.” 


however to 


“With the size of locomotives in use on this road I do not believe there 
is any real necessity for a locomotive stoker, although probably on some 
o1 the larger power this may be necessary. As I understand it, the men 
are the principal objectors to using it, 
and where it has been tried it is my information that they have been the 
means of knocking it out. 
rect.” 


the stoker was designed to benefit 
This is only hearsay, but I believe it is cor- 


Replies from two Southern roads indicate the poor grade of 
labor in that section creates a demand for mechanical stokers 
which would not be present on the same locomotives in the 
Northern States: 

‘With the large modern engine and the work that is required of it, we 
have about reeched the limit of human endurance in firing a locomotive, 
and it wculd be extremely desirable to use a mechanical stoker, if it wa; 
possible to design one that would deliver the coal to the grates in propct 
quantities and properly distributed. So far as I know, the reason that 
stokers are not generally used is due to the fact that as yet there is not a 
stoker that will do the work properly. We’made quite an extended test 
of two stokcrs on our lines, under the personal supervision of our road 
foreman of engines and our engineer of tests and were unable to accom- 
plish the desired results. The Pocahontas coal which we use is a very high 
grade coal, and it is my opinion that if these stokers would not work with 
that grade of coal which we are using, it cannot be expected to give satis- 
factory service from the average grade of coal furnished to the various 
roads of this country.” : 

“f am thoroughly convinced that a mechanical stoker for locomotives is 
desirable. In the first place the size of our engines is such that it is al- 
most impossible to obtain firemen of the requisite intelligence for handling 
them; the oniy class of labor that we can obtain, on account of the ex- 
treme drudgery of the work, is such as lack the intelligence to develop 
ultimately into suitable engineers.” 


Other interesting opinions from various sections of the coun- 
try are given below. 
From a road in the middle South: 


“With wide fire box engines it is our observation that the mechanical 
stoker is not needed, as we find that one man can fire an engine hauling 
4,000 tons of freight over a 120 mile division with a wide fire box, where 
it is out of the question for him to do so with a narrow and long fire box— 
all other dimensions of the engine being the same.” 


From a road running east from Chicago: 


“JT believe that there is a need for a mechanical stoker on locomotives, 
especially is this so in warm weather. We had quite a number of locomo- 
tive firemen cn our iarge consolidation engines overcome with the heat last 
summer. We believe a yood design of mechanical stoker would avoid 
this, as well as show an economy in the consumption of fuel. 

“Our experience, with stokers tested, indicated that there were two 
objections: One, mechanical defects in the stokers causing them to fail: 
the other, the mechanical stoker which we had experience with occupied 
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practically all the rocm on the deck and had to be removed on each fail- 
ure in order to hand fire the engines. ‘This stoker when in good working 
order would fire any locomotive we had on our road and would do it 
successfully, and we beiicye mere economically than the firing could be 
done by hana. But for the reasons namvd und the further reasons that we 
only had a half dozen of them in service we could not get as satisfactory 
service under these conditions as we could with hand firing. 1 would 
suggest that where mechanical stokers are introduced that they be applied 
to all the engines on the same division.’ 


Another road in the middle West: 


“During the past four years the scarcity of labor has made it very 
apparent that there was necessity for some proper device for feeding of coal 
in fire boxes of locomotives. In a great many cases it has been necessary 
for railroads to employ firemen who were not of a satisfactory weight or 
intelligence to handle the work required of a fireman on our modern type 
of locomotives and irom whom we could not expect to get competent 
enginemen. The work of the firemen is becoming so arduous on the larger 
type of locomotives that any man with any degree of education will not 
this class of employment, but goes into other channels where the 
duties required are less taxing cn their strength and for which they get a 
better return. As a result of this condition we must expect a natural 
decline in the quality of our enginemen and in view of the above facts I 
feel that the necessity for a satisfactory stoker is very apparent.”’ 


L 
seck 


A road running out of Pittsburg states: 

*“‘We have never used mechanical stokers and at this time hardly think 
they are a necessity, but as engines increase in size they are bound to be, 
and it would seem to me that the production of some efficient stoker should 
be encouraged as much as possible.” 

A far Western road replies: 

“We.do nex believe that there is a very urgent need for stokers as our 


” 


firemen are able te handle our present locomotives without any trouble. 
From a Southern system: 


“There is at present in this country the most urgent need for a reliable 
mechanical stoker on locomotives. The rapid development of heavy power 
has made the duty of the locomotive fireman so exacting that we find it 
very often to be the case that the man is unequal to the duties imposed 
upon him. Railroads must perforce recruit their engineers from the fire- 
men’s ranks. For this reason it is necessary that the firemen be men of 
some brain, as well as brawn. Of course the strong mind and the strong 
back may be sometinies found together, but it is a little bit unusual, and the 
strong mind is not hunting—as a general proposition—for such laborious 
occupations as locomotive firing has become. I am aware of instances of 
heavy power being this under tonnage for the 
reason that one fireman cannot maintain the maximum steam pressure and 
handle full ratings on the schedules involved.” 


run in country rating, 


From a road running west from Pittsburg: 


“The necessity tor a mechanical stoker for locomotive purposes is urgent, 
and while saving in fuel is. of course, an important item, if a successful 
stoker is developed and no fuel saving effected, the demand for its appli- 
cation is still urgent. 

“Ist. On account of smoke ordinances which all of the large cities are 
enforcing, which may compel the railroads to use a very expensive fuel. 
The uniform firing with a mechanical stoker will greatly reduce, if not 
entirely overcome ccmplaints on account of smoke. 

“end. 
ous character of the work, we are practically hiring a man on account of 
his capacity for physical endurance. The mechanical stoker, by reducing 
the requirement on this account, should enable us, to some extent, to pay 
more attention to intelligence. 

“rd. A successful mechanical stoker should reduce to some extent flue 
leakage troubles. 

“4th, 

“Sth. 


In the selection of firemen to-day, on acccunt of the more ardu- 


It should permit the use of commoner and cheaper grades of fuel. 
The possibility of saving in fuel.” 

The chief lesson that can be drawn from these letters is that, 
whether there is an actual need for stokers or not, there is,.be- 
yond doubt, a demand for them. 


Mechanical Stokers. 

As is stated in one of the letters above, all that can be ex- 
pected of a mechanical stoker is to equal average good firing. It 
cannot be expected to equal the best hand firing, but must, of 
course, do better than a poor fireman. This, however, is but one 
of the conditions which a successful mechanical stoker must 
meet, although of course it is the most important, but a stoker 
which is to receive general adoption must also possess a number 
of other very important features. In the first place it must be 
absolutely reliable. No railroad company can afford to put any- 
thing on its locomotives which has any possibilities of causing 
an engine failure. Again, a satisfactory stoker must be com- 
paratively noiseless. There is already sufficient racket in the 
cab of a locomotive to make communication between the engi- 
neer and fireman somewhat difficult and it will not do to in- 





crease this to any appreciable extent, and thus make such com- 
munication practically impossible. In addition to this any great 
addition to the noise on a locomotive is going to make it ex- 
tremely difficult for an engineer to hear torpedoes. Another de- 
sirable feature is that the stoker should take up as little .room 
as possible. It should further consist of the fewest possible 
number of parts and have no delicate mechanism. It should 
also be arranged so as to permit a quick and easy change to 
hand firing in case such a move becomes necessary. 

In addition to these strictly mechanical qualifications a stoker 
must be able to show a direct saving which will at least pay the 
interest on its cost, a liberal rate of depreciation and all charges 
for maintenance. Such a saving can be made in several ways, 
either by improved combustion, leading to the use of a smaller 
amount of fuel; by the use of a lower grade fuel, due to the 
stoker’s ability to fire properly; to the opportunity of operating 
large engines over divisions of a length which exhaust a good 
fireman and lead him to waste coal by improper firing on the 
latter end of his run; by the reduction of leaky flues and fire- 
boxes directly due to the proper firing; to the reduction of the 
smoke nuisance in large cities, owing to the better condition of 
combustion and possibly also the ability to hold a better grade 
of men. 

While practically all of the designs of mechanical stoker, which 
have so far been given practical trials, have sought to simulate 
hand firing, accomplishing this by several different methods, 
there are designs now in the process of evolution which seek to 
accomplish the desired result in other ways. One of these is an 
underfed type in which the coal is forced up from below and is 
burned by means of the forced draft; this permits the elimina- 
tion of the vacuum in the front end and thus a considerable re- 
duction in back pressure on the cylinders. This type of stoker 
is claimed to be capable of burning very low grade fuel, giving 
practically complete and smokeless combustion. 

Another arrangement which has been suggested, and is being 
worked out, which also presents possibilities for use of extreme- 
ly low grade fuels, is a stoker, in which the fuel is pulverized 
and blown into the fire-box through a jet, burning much the 
same as oil. Properly arranged this stoker should be able to 
give practically perfect combustion. 

Both of these types, however, have not yet reached the stage 
at which their inventors are able to report anything more than 
bright prospects. 

The stokers which imitate hand firing can be divided, roughly, 
into three different types, one in which the coal is thrown on 
the different parts of the grate by means of a plunger, a de- 
flection plate being used to govern the direction. Another blows 
the coal to different points on the grate by means of air or 
steam jets and the third type uses a revolving fan arrangement, 
the wings of which throw the coal through a spout, which is 
capable of adjustment to determine the point on the grate which 
shall be reached. 

In all of these types the principles of correct hand firing are 
followed out, that is, that a small amount of well broken coal is 
scattered in either a thin layer over certain separate sections or 
small pieces miscellaneously over the whole area of the grate. 
In the former case the different sections are covered in suc- 
cession, with such a time interval as to make the action of the 
stoker continuous while the engine is working at full capacity. 
The best examples of each of these types incorporate a con- 
veyor from the tender to the hopper, forming part of the stoker 
proper, thus permitting the fireman to devote his entire time to 
watching the condition of his fire, shaking the grate, and assist- 
ing in keeping a lookout ahead. 

There is one design of each of these types which has proven 
itself to be successful in practical service, and while not even 
the designers claim that perfection has been reached, still we 
have three designs of mechanical stokers which have proven 
themselves capable of properly firing locomotives now in ser- 
vice in this country, each being designed on a different principle. 


HAYDEN MECHANICAL STOKER, 


This stoker is of the type wherein the coal is blown in small 
amounts on to the grate by means of a steam jet. It has proven 
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DIAGRAMS SHOWING APPLICATION OF HAYDEN MECHANICAL STOKER. 


itself to be thoroughly practical and has been in service on one 
locomotive on the Erie Railroad for about a year and a half. 
The construction of the device is clearly shown in the illustra- 
tions, from which it will be seen that the fireman is relieved of 
all hard labor and that when the stoker is once set properly it 
is practically automatic, while the operation of the locomotive 
remains the same. 


The stoker proper is accompanied by a conveyor which is 
mounted upon and forms part of the locomotive tender. This 
conveyor is of such a size and shape that it can be placed be- 
tween the water legs of the tank with the lower part flush with 
the bottom of the coal space. It consists of a series of buckets 
mounted on an endless chain surrounded by a casing. The 
travel of the buckets lifts the coal and dumps it into a horizon- 
tal trough, which extends inward to the hopper on the boiler 
head. This trough is of a sufficient height to clear the head of a 
man working underneath and carries a spiral conveyor. The 
coal inlet at the bottom of the bucket conveyor is covered by 
a grate having openings 3 in. square. The coal is raked into 
these openings and is carried by the buckets across and up the 
right side, then horizontally to the trough, where it is automat- 
ically dumped and the empty buckets descend on the other ‘side. 
The conveyor is driven by a small duplex steam engine mounted 
on its casing and controlled by a throttle valve on the engine. 


The stoker proper is composed of a narrow shelf bolted on 
the inside of the fire-box level with the bottom of the door open- 
ing and protected by a carborundum facing on the bottom and 
sides. The ordinary fire door is removed and for it is substi- 
tuted a door having a chute leading through it, with its upper 
edge projecting over the shelf just mentioned. An adjustable 
plate by which the size of the opening can be varied is provided. 
This door is hinged to the frame in the usual manner and can 
be opened for hand firing if desired. A hopper which receives 
the coal from the spiral conveyor is bolted to the boiler head 
above the door opening and discharges directly into the chute 
in the door. A sliding gate operated by a rack and gear by 
which the supply of fuel can be cut off or adjusted at the hop- 
per, is provided. There is no connection between the hopper 
and the door. 


A blast pipe, consisting of a series of jets, is placed in the 
bottom of the fire door opening on the level with the top of the 
shelf and the jets are directed in such a manner as to throw 
the fuel to all parts of the grate. Each jet is provided with a 


valve, so that the flow of steam through it may be regulated in- 
dependently of the flow through the other jets. These jet valves 
are mounted on a manifold that is connected by a pipe to the 
blast valve. A globe valve in this pipe controls the force of the 
blast as a whole. 


Instantaneous opening and closing of the blast is required, and 
the blast valve, which is shown in detail in one of the illustra- 
tions, is constructed so as to obtain this result. It consists of a 
main valve, an auxiliary valve and the proper ports combined in 
a casing so that a slight movement of the auxiliary valve will in- 
stantly operate the main valve through its full movement. The 
manner in which this is done is clearly evident from a study of 
the illustration. The auxiliary valve is connected to a bell crank, 
which is tripped by a finger carried on a revolving disc, which in 
turn is driven by a worm revolved by a small engine which can 
be throttled to give the desired speed for the number of blasts 
required. 


The operation of the device is as follows: The fuel which is 
fed into the hopper by the conveyor flows by gravity through the 
chute in the door and rests in a pile on the shelf in front of the 
jets. The size of this pile of fuel is determined by the position 
of the plate at the mouth of the chute. The fuel being fed con- 
tinuously through the hopper and chute forms an air seal and 
preserves the draft in the furnace. The jet valves are throttled 
so that when the blast operates, the fuel is thrown to all parts 
of the furnace and scattered evenly over the fire. The intensity 
of this blast is dependent upon the draft conditions in the fur- 
nace. The duration of the blast is controlled by means of an 
adjustment of the trip finger, which operates the auxiliary valve 
by means of the bell crank lever and thus holds this valve open 
for a varying period of time. The usual period of blast is about 
one second. The speed of the conveyor engine determines the 
amount of coal that is fed to the hopper and can be varied to 
suit the conditions. For very light firing the stoker is able to 
place two or three pounds of coal at one charge as often as may 
be desired, and for ordinary heavy firing it can place ten pounds 
of coal per charge with a blast of from 14 to 2 seconds duration, 
operating seven times a minute. If desired, the blast can be made 
continuous and as much coal as the conveyor will deliver can be 
put on the fire. This condition of course is beyond the require- 
ments of any service. 


This stoker is manufactured by the N. L. Hayden Mfg. Co., 
Columbus, Ohio. 
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CROSBY MECHANICAL STOKER. 

This stoker is of the revolving fan type, in which the coal is 
thrown into the furnace by means of the wings of a fan and is 
located by the automatic adjustment of the chute on the inside 
of the fire door, which directs the coal to the point desired. For 
the purpose of description, it can be divided into three separate 
parts: the first consisting of the apparatus which carries the coal 
from the tender to the stoker proper; the second, the propelling 
apparatus which forces the coal into the fire-box, and the third, 
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AND ASSOCIATED APPARATUS—HAYDEN STOKER. 


the guide chute which directs the stream of coal to different 
points on the grate. 

The first step is obtained by means of a screw conveyor ex- 
tending from the rear of the coal space in the tender to the fire 
door and running in a sheet metal trough with a circular bottom 
and flaring sides. This conveyor is in two parts, one section 
extending from the back of the coal space to a point just in front 
of the coal gate, where both the spiral and the trough are joined 
to the inclined section, in a manner which provides perfect free- 
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ARRANGEMENT OF BLAST PIPES, CHUTE, HOPPER, SHELF, ETC.—HAYDEN MECHANICAL STOKER. 
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HAYDEN STOKER—CHUTE INSIDE FIRE DOOR. 








CONVEYOR ARRANGEMENT 


ON TENDER—HAYDEN STOKER. 

ness for adjustment to the relative movement between the loco- 
motive and tender and also to allow the inclined section to be 
thrown back against the coal gate when not in use. The section 
in the bottom of the tender is covered from its rear end to within 
a few inches of the coal gate by plates about a foot long. These 
plates are removed one by one as the coal pile gets further back 
in the tender. This conveyor is driven from the same source of 
power as are the revolving blades, but is provided with a cone 
gear arrangement which permits it to have a variable speed. A 
lever, conveniently placed, controls the speed or the starting and 
stopping of the conveyor by the fireman. The gears are enclosed 
in a case, which will be noticed in the diagrammatical view as 
hanging beneath the inclined section. 

The conveyor will handle lumps of coal up to about Io or 12 
in. in size, bringing it up to where the fireman can conveniently 
reach it and break it up into small pieces with an ordinary ma- 
chinist’s hammer. 

The conveyor discharges the coal into a small receiving hop- 
per, where the rapidly revolving blades gather it and discharge 
it through a round nozzle in the door. These each discharge one- 
half of the receiving hopper, being offset for that purpose, and 
run at a constant speed while in operation. The receiving hop- 
per forms part of the casting, which is bolted to a specially de- 
signed door, replacing the regular fire door. Alongside of it is a 
steam tight chamber in which is mounted a steam turbine disc 
upon which four small steam jets impinge. The turbine wheel 
and rotating blades are mounted on one shaft, which at the tur- 
bine end projects through the bearing and carries a fly ball gov- 
ernor mechanism, which operates the steam valve and provides 
an automatic constant speed arrangement for the blades. The 
opposite end of this shaft projects beyond the case and carries 
a worm which drives a worm gear, all being contained in an oil 
tight case bolted to the frame. The worm gear shaft provides 
the motion for the screw conveyor. It also, on the opposite end, 
carries a small worm meshing with a gear, which further reduces 











HAYDEN STOKER WITH CONVEYOR REMOVED. 

the speed and drives the mechanism controlling the motion of the 
spreading chute, which directs the stream of coal in the fire-box. 
This small worm may be engaged or disengaged from the shaft 
by a small lever and thereby stop the spreader at any point in 











GENERAL VIEW OF CROSBY STOKER READY FOR SERVICE. 


its cycle and build up the fire where it may need special atten- 
tion. 


The spreading arrangement automatically passes through a cycle 














DIAGRAM OF SPIRAL CONVEYOR—CROSBY STOKER. 
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CROSBY STOKER—APPARATUS ON FIRE DOOR. 

of movements which accomplish the following results: The thin 
stream of coal issuing from it is distributed in a thin layer over 
a strip one-third of the width of the fire-box down the left side, 
starting from the flue sheet and extending back into the back 
corner; then with a quick movement the spreader starts at the 
flue sheet in the center of the fire-box and distributes coal over 
the center one-third of the width; then quickly moves to the 
front right corner and down the right side, including the back 
corner, then transfers again to the front left corner and repeats 
the cycle. This motion is entirely automatic, but can be inter- 
rupted at any point, as above mentioned. 

In case of necessity this stoker can be disconnected and put 
out of the way and permit hand firing to be started in the usual 
manner within a space of thirty seconds. The total weight of 
the stoker and conveyor is about goo lbs. 

The work of developing this stoker was all done on the Chi- 
cago & Northwestern Railroad, where it, after 
a certain series of preliminary experimenting 
had been completed, showed itself to be en- 
tirely reliable. It is being built by the Inter- 
national Stoker Company, 181 La Salle street, 
Chicago. 


STROUSE 


MECHANICAL STOKER. 


This stoker is an example of the plunger 
type, being an evolution from the pioneer lo- 
comotive stoker which was known as the Kin- 
caid. It, of course, differs from that design 
in practically all its features, but is built on 
the same general principle. It consists, brief- 
ly, of a horizontal plunger mounted in guides 
and operated by a steam cylinder. This 
plunger carries at its forward end a special 
shaped nose, which is arranged to discharge 
the coal on different parts of the grate, de- 
pending upon the speed with which it is oper- 
ated. The forward stroke of the plunger 
throws the coal to the center, or the front 
ends of the grate, and the backward stroke, 
by means of a special shape of the nose, places 
the coal in the back corners and beneath the 
fire door. 





The coal is discharged into a large hopper 
by means of the conveyor, which is not shown 
in the illustration, from which it falls upon a 
shelf directly in front of the plunger nose. 
The fire door opening is provided with a spe- 
cially designed door, hinged at the top and 
forced open by the plunger on its forward 








STROUSE MECHANICAL STOKER IN POSITION IN 








SPREADING DEVICE—CROSBY MECHANICAL STOKER. 


stroke. The whole apparatus, except the special fire door, is 
mounted on a framework, supported by small wheels, which is 
secured to the fire door ring by two slotted lugs with keys, and 
also by two suspension turnbuckle rods, which hook into eyes on 
the boiler head. 

The length and intensity of the stroke of the plunger are gov- 
erned by levers, shown at the left side, which are operated by 
the fireman. 

This stoker has been applied to a number of locomotives on 
the Iowa Central Railroad and is manufactured by the Locomo- 
tive Stoker Company of Chicago. 

BRIQUETTING. 

The possibility of obtaining a most satisfactory and high grade 
fuel for use on locomotives through the medium of briquetting 
grades of fuel which are now of no practical value, and are usual- 
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